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Within the last few years, the A. S. T. M. distillation data have be-
come one of the most commonly used specifications for motor fuel. These 
temperature specifications are changed to meet seasonal conditions to give 
the higher test gasoline of winter and the less volatile gasoline of summer. 
Aside from the anti-knock qualities, the distillation characteristics are also 
the major differences between the premium, regular and competitive grades 
of fuels sold at any one season. 
The correlation of motor performance with the A. S. T. M. distillation 
curve for the fuel has resulted from the research work of many individuals. 
A summary and bibliography of this is given in the recent paper by Blair 
and Alden (1). While the automotive engineer and petroleum technologist 
are not in complete agreement as to what these specifications should be for 
the fuel to give maximum motor performance the following general state-
ment is frequently given. 
1. The temperature of distillation of the first 10 per cent of the fuel 
is a relative measure of its starting qualities. This fraction will also be a 
relative measure of the loss of fuel by evaporation during storage. 
2. The temperature of distillation of the first 30 per cent of a fuel 
is a relative measure of the acceleration qualities of a fuel. This fraction 
also determines the performance of a cold motor on choke. 
3. The temperature of distillation of the first 60 per cent of a fuel 
is a relative measure of the performance of the hot motor under driving 
conditions. 
4. The temperature of distillation of the last 10 per cent of a fuel 
is a relative measure of the amount which will condense on the cylinder 
walls and cause crankcase dilution. 
The distillation range for gasoline has changed greatly in the last 
twenty years. The gasolines of twenty years ago had a relatively low in-
itial temperature and final temperature (70°-250°F.) The increased de-
mand for gasoline has caused more of the higher fractions to be sold as 
gasoline with resulting increase in both the initial and final temperatures. 
The introduction of the cracking process has created greater supplies of 
the low boiling fractions with a resulting lowering of the initial temperature 
of present grade gasolines. The regular fuels available in the midwest 
have an initial temperature of about 100°F. and a final temperature of about 
400°F., these temperatures varying somewhat with the season and variety 
of the gasoline. 
[237) 
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DISTILLATION DATA FOR ALCOHOL BLENDS 
Alcohol :forms azeotropic mixtures with various hydrocarbons. It can 
accordingly be predicted that a lowering of the distillation temperature 
will be caused by the addition of alcohol to gasoline. This prediction has 
been verified by Ross and Ormandy ( 2) :for British gasolines, by Schweitzer 
(3) :for French gasolines, by Spausta (4) :for Austrian gasolines and by 
Bureau of Standards ( 5) for American gasolines. 
Samples of twenty different brands of gasoline sold commercially in the 
midwest have been examined in this laboratory. The data reported in table 
1 for varying concentrations of alcohol in gasoline are typical of the re-
sults :found for all the gasolines investigated. The data of Ross and Or-
mandy (2) have been plotted in figure 1 and the data of table 1 if plotted 
in the same manner give similar distillation curves. The data of Brown 
(6) are the only published data which are not in complete agreement with 
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the above, a higher initial temp-
erature being reported by him 
~for the alcohol-gasoline mixtures 
t----+---r----+----1-- c than for the original gasoline. 
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Percentage distilled 
80 
In using the A. S. T. M. method, 
the initial boiling point recorded 
is a function 0£ the proportion 
of the low boiling constituents 
as well as their boiling point. 
This may account for the higher 
initial point reported by Brown. 
This increase in the initial temp-
erature of distillation of the al-
cohol blends might also be ob-
100 tained by using gasolines very 
poor in low boiling constituents, 
but it certainly is not character-
istic of the commercial grades of 
fuels in this or in the foreign 
countries from which data are 
available. 
Fig. 1. Comparison of the A. S. T. M. dis-
tillation curves for a premium gasoline, (C) a 
lower grade of gasoline, (A) and a 10 per cent 
alcohol blend with the latter gasoline (B). 
Data taken from Ross and Ormandy. 
As pointed out above, the A. S. T. M. distillation data for a fuel can 
be used as a qualitative measure of the performance of the fuel in a motor. 
The data of table 1 have been plotted in figure 2 in such a manner as to 
emphasize the influence of the alcohol content of the fuel on the temperature 
of volatilization of the successive fractions. The temperature of volatiliza-
tion of the 10 per cent, 30 per cent, 60 per cent and 90 per cent fractions 
are of particular interest ; referring to these fractions as plotted in figure 
2 it is seen: 
1. That the initial temperature of distillation and the temperature 
of the first 10 per cent distilling are not appreciably changed until alcohol 
concentrations of 40 per cent or more are reached. So far as volatility of 
fuel is concerned there should be no appreciable difference in starting 
qualities of the blends containing 10 per cent or 20 per cent alcohol and 
that of the original gasoline. The easier starting qualities reported for 
the alcohol blends particularly in winter weather are probably due to the 
fact that alcohol forms explosive mixtures with air over a wider range of 
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proportions than does gasoline. It would also be concluded that the alcohol 
blends would show no greater loss in storage than would the original 
gasoline. 
TABLE 1. Influence of absolute alcohol concentration upon the A. S. T. M. dist-illa'tion 
range of alcohol gasoline 
Gasoline dried over CaCl., Absolute alcohol dehydrated with CaO 
Percentage 
distilled 
l--=-=---,.~=-=-A_l~eo_h~o,_l~eo_n~t_en~t~o~f_b~l_en~d~pe~r~ee_n~ta~g_e~b_y-=-vo~lu_m~e~~-.,.--..,,...,,.-,,-
1 Nil. I o.5 I i.o I 2.0 I 4.o I 6.o I 8.o I 10.0 I 15.o 
Initial 
5 
10 
20 
30 
40 
50 
60 
70 
80 
90 
Final 
Residue % 
Recovery% 
Bar.mm.Hg. 
Room t. F. 0 
Percentage 
distilled 
Initial 
5 
10 
20 
30 
40 
50 
60 
70 
80 
90 
Final 
Residue% 
Recovery% I 
Bar. mm. Hg. J 
Room t. F. 0 I 
OF OF OF 
I 
OF OF OF OF OF I OF 101 100 100 101 100 100 102 104 101 
125 119 119 118 119 121 121 122 123 
137 133 138 136 134 129 130 131 132 
165 169 169 161 169 142 142 144 144 
193 191 196 190 188 163 151 15ll 152 
218 214 220 215 214 208 195 182 158 
241 242 242 240 238 236 232 230 215 
266 268 272. 268 268 260 260 258 247 
295 294 293 293 293 291 290 286 282 
32.6 327 328 327 327 322 321 318 316 
368 371 371 371 374 375 370 368 341 
400 401 398 398 400 398 400 401 394 
2.0 2.0 1.5 2.0 2.0 2.0 2.0 2.0 2.0 
95 95 94 95 94 95 95 95 90 
730 730 730 730 730 730 730 730 720 
73 73 73 73 73 73 73 73 73 
Table 1. continued 
Alcohol content of blend percentage by volume 
20.0 I 30.o I 4o.o I 50.o I 60.o I 10.0 I 80.0 I 9o.o I 100 
OF OF OF OF OF OF OF OF I OF 103 100 104 106 108 138 145 150 173 
123 125 130 138 140 148 154 169 174 
133 134 138 140 154 162. 168 171 174 
145 150 160 165 165 167 171 172 174 
154 163 165 167 169 170 172 173 174 
159 167 167 169 171 171 173 174 174 
163 169 169 171 172 172 173 174 174 
233 180 171 172 173 173 173 174 174 
271 266 239 173 174 174 174 174 174 
306 300 295 284 176 175 174 174 174 
330 338 342 325 336 176 175 174 174 
391 390 388 383 379 376 358 358 174 
2.0 1.0 1.0 0.8 0.8 0.5 0.5 0.2 0 
97 97 98 98 97 98 98 98 98 
720 733 736 733 736 736 736 730 730 
73 73 90 73 90 90 90 90 90 
2. That the temperature of volatilization of the first 30 per cent 
of the fuel is much lower for the alcohol blends than for the original gas-
oline. The greater volatility of this fraction undoubtedly accounts for the 
better acceleration of the alcohol blends particularly noticeable in cold 
weather. The data of Ross and Ormandy, figure 1, offer a direct com-
parison in this respect of a third grade gasoline, a 10 per cent alcohol blend 
with the same third grade gasoline and a premium fuel. 
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3. That the temperature of volatilization of the first 60 per cent of 
the fuel is very slightly affected by 10 per cent alcohol and depressed ap-
proximately 30°F. by 20 per cent alcohol. In harmony with this fact, very 
little difference can be observed in the power output of the hot motor under 
road conditions when operating on the 10 per cent blend or the original 
gasoline. The general observation has been that motor operation is smooth-
er on the blend than on the original gasoline. 
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Fig. 2. The temperature of distillation of various fractions of alcohol-gasoline blends 
as a function of the alcohol concentration in the blend. 
4. That the temperature of volatilization of the last 10 per cent of 
the fuel is not affected by 10 per cent alcohol but is lowered by addition of 
the 20 per cent or more of alcohol. The decrease in oil dilution reported 
for the alcohol blends is probably due to better combustion and lower flame 
temperatures rather than to greater volatility of this fraction of the fuel. 
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The slight effect of water on the A. S. T. M. distillation data for 10 
per cent alcohol-90 per cent gasoline fuel is shown in table 2. The A. S. 
T. M. distillation data for a 10 per cent butanol-90 per cent gasoline blend 
and for a 10 per cent acetone-90 per cent gasoline blend are also shown 
in table 2, as examples of blends not containing constant boiling mixtures. 
TABLE 2. Influence of absolute ethanol, aqueous ethanol, n-butanol a'T!d 
acetone upon d'8Hllation range 
10 per cent 
abs. ethanol 
10 per cent 0.4 per cent 10 per cent 10 per cent 
abs. ethanol H.O n-Butanol acetone 
Percentage 90 per cent 89.6 per cent 90 per cent 90 per cent 
distilled Gasoline gasoline gasoline gasoline gasoline 
I OF OF OF OF I OF Initial 101 104 100 102 96 5 125 122 121 121 106 
10 137 131 130 143 114 
20 165 144 142 170 132 
30 193 152 153 190 158 
40 218 182 163 207 195 
50 241 230 230 230 221 
60 266 258 254 237 257 
70 295 286 283 281 281 
80 326 318 317 315 311 
90 368 368 368 371 370 
Final 400 401 397 393 396 
Residue% 2.-0 2.0 1.5 1.5 1.5 
Recovery % 95 . 95 96 97 98 
Bar. Hg. mm. 730 730 738 136 738 
Room t. °F. 73 73 73 73 73 
REID VAPOR PRESSURE AND VAPOR LOCK 
The vapor pressures of gasoline with varying percentages of absolute 
alcohol are recorded in table 3. These have been measured by the A. S. 
T. M. method using dry equipment instead of wet. It will be noted that 
TABLE 3. Beta oopor presswre of alcohol blends 
Percentage 
Ethanol in blend 
0 
4 
8 
10 
15 
20 
30 
50 
100 
Reid vapor pressure 
(dry) lbs. sq. in. 
7.5 
1.5 
7.8 
8.4 
8.7 
8.6 
8.1 
6.9 
Too small to measure 
the addition of 10 per cent or 20 per cent alcohol to gasoline causes an 
increase in the vapor pressure of approximately one pound per square inch. 
This has been used ( 6) as an argument that the alcohol blends will show 
a greater tendency toward vapor lock than the original gasoline. 
Vapor lock has been troublesome only in the last few years as a result 
of the tendency to market gasolines with larger quantities of low boiling 
constituents. While it is encountered in the more volatile gasolines it can-
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not be directly correlated with the vapor pressure of the gasoline. The 
recent work of Blair and Alden (1) would indicate that vapor lock is due 
almost entirely to the presence of small amounts of very low boiling con-
stituents in the gasoline. They have presented evidence to show that vapor 
lock in a particular motor could be correlated with the vapor equivalent 
of seventy-seven different gasolines of variable composition where the vapor 
equivalent was expressed as: 
The estimated butane content of the fuel x 1.0 
" " pentane " " " " x 0.25 
" " hexane " " " " x 0.1 
Referring to figure 2, it will be seen that the addition of alcohol to gasoline 
does not alter appreciably the volatility of these low boiling constituents 
which would distill over in the first 15 per cent of the fuel. Attention 
should also be called to the fact that the high latent heat of alcohol would 
tend to decrease the tendency of the fuel to give vapor lock. 
The data of table 4 would also support this conclusion. These data 
report the loss in weight on exposure to air for varying lengths of time of 
T.ABLE 4. Evaporation rates of alcohol blends in open beakers at t9°C. 
in haoa (no draft) 
Alcohol in\ 
blend Evaporation loss percentage of original by weight 
"--~~~~~~~~,----=7~~-,o-=-=-~~-,--~-,--~___,-=-~~-
Vol. petg. I 1 hour I 3 hours I 7 hours I 17 hours I 41 hours I 65 hours 
0 I 6.0 11.5 17.8 27.0 39.4 48.6 
1 6.3 12.2 18.6 28.3 41.5 50.6 
2 6.3 11.3 19.6 29.5 42.1 53.2 
4 7.8 13.3 22.6 32.7 45.9 56.2 
6 6.4 12.9 21.3 33.3 45.2 56.3 
8 6.4 13.5 22.4 35.5 49.9 59.2 
10 5.5 10.9 21.8 34.5 lost -
15 5.4 11.6 19.7 32.1 56.7 65.9 
20 5.3 11.3 19.4 32.3 53.6* 68.1 
30 4.5 
I 
11.6 17.3 28.6 48.9* 66.4 
50 3.5 8.3 14.3 24.1 41.5 61.6 
100 0.7 2.3 4.5 10.2 24.6 42.0 
NOTE: Separated into two phases. 
a series of 150 cc. beakers containing 100 cc. of blends of varying percent-
ages of alcohol in gasoline. These data are shown graphically in figure 3. 
It will be observed that for the first three hours the loss in weight due to 
evaporation decreased slowly as the alcohol concentration in the blend in-
creased. After the more volatile fractions of the gasoline had vaporized 
(between 10 and 20 per cent) the rate of evaporation increased for those 
beakers containing alcohol, the 10 per cent and 20 per cent blends showing 
the maximum volatility after 17, 41, and 65 hours exposure. This relation-
ship would be expected from the distillation curves but it could not be 
anticipated from the Reid vapor pressure measurements. 
Observations regarding the tendency of various fuels to cause vapor lock 
have been made on a car particularly sensitive to this difficulty. While 
these observations have been qualitative in nature, they would indicate that 
vapor lock will not be encountered on blending alcohol with a gasoline which 
is itself free from this tendency. The addition of alcohol to a gasoline 
which would cause vapor lock in this motor did not appear either to increase 
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or decrease this tendency. It is apparent that if such difficulty were en-
countered it could be eliminated by purchasing gasoline of lower volatility 
for use in preparing the alcohol blends. 
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Fig. 3. The loss in weight by evaporation at room 
temperature from 100 gram samples of alcohol-gasoline 
blends at various periods of time as a function of the 
alcohol concentration in the blend. 
STORAGE OF ALCOHOL BLENDS 
It has been claimed that alcohol gasoline blends could not be stored 
under commercial conditions because of water absorption and evaporation. 
TABLE 5. Change in distillation range of alcohol blends dlwring storage 
Percentage 
distilled 
Initial 
10 
20 
30 
40 
50 
60 
70 
80 
90 
Final 
Residue % 
Recovery% 
50,000 gallon tank 
Initial I After 66 days 
April 11-June 16 
95°F 104°F 
130 137 
143 143 
139 150 
- 160 
168 212 
- 247 
- 298 
- 334 
378 380 
417 416 
1.5 1.5 
96 97 
5500 gallon tank 
Initial I After 13 days 
April 28-May 11 
I 
113 110 
140 140 
149 148 
158 157 
213 212 
237 238 
259 257 
- -
- -
- -
390 392 
1.4 1.2 
97 96 
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Data are presented in table 5 for two separate storage tanks operating in 
regular commercial practice. The 50,000 gallon tank was under observa-
tion from the date the blend was prepared, April 11th, until emptied on 
June 16th. During this time alcohol-gasoline was withdrawn as needed to 
supply the trade. The blend still analyzed 10 per cent alcohol at the end 
of this time and was stable to -76°F. The distillation curve shows a loss 
of the more volatile fraction. The 5,500 gallon storage tank was also in 
regular commercial trade during the period of April 28th to May 11th. The 
changes were too slight to be observed in the distillation data or by change 
in turbidity temperature. 
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THE PHYSICAL-CHEMICAL PROPERTIES OF ETHYL ALCOHOL 
GASOLINE SYSTEMS 
IV. INFLUENCE OF ALCOHOL CONCENTRATION UPON SPECIFIC VOLUME, 
FLUIDITY, AIR-TO-FUEL RATIO, CALORIFIC VALUE, LATENT 
HEAT, AND FALL IN TEMPERATURE ON EVAPORATION 
LEO M. CHRISTENSEN, R. M. HIXON AND ELLIS I. FULMER 
From the Department of Chemistry, Iowa State College 
Accepted for publicati<m August 26, 1933 
As stated in the preceding papers of this series, it is the purpose of 
the researches here described to supply information on the physical-
chemical properties of ethyl alcohol-gasoline blends which will be of value 
in the consideration of the proposal to utilize alcohol from agricultural 
products in motor fuel. In the first two papers of this series ( 4, 5) are 
given the results of studies on the water-holding capacity and water ab-
sorption of such blends and in the third paper (6) are given data on vapor 
pressure, distillation range and evaporation rates. In this paper there are · 
presented data on specific volume, fluidity, correct air-to-fuel ratio, calorif-
ic value, latent heat, and fall in temperature on evaporation. 
The blends were prepared with the same gasoline and alcohol used in 
the work previously described. The alcohol was dried over lime to a water 
content which could not be detected with potassium permanganate or an-
hydrous copper sulphate. The gasoline was dried over calcium chloride. 
The gasoline was a representative mid-continent grade purchased locally. 
1. SPECIFIC VOLUME OF ETHYL ALCOHOL-GASOLINE SYSTEMS 
The specific gravities were measured by means of a chainomatic West-
phal balance. The data obtained for 25°/25° were calculated to 25°/4°. 
The data so obtained are given in table 1. 
There are also given values calculated on the assumption that the 
density is a linear function of composition. It will be noted that these 
values are greater than the experimental values, that is the system has 
undergone an expansion on mixing. From the differences between the 
calculated and experimental specific volumes it is seen that the expansion 
is dependent upon the concentration, being at a maximum at about 8-10 
per cent of alcohol. The expansion amounts to 0.2-0.3 per cent for alcohol 
concentrations from 4-30 per cent of alcohol. 
These results are in harmony with those of Balada (2) who observed 
the expansion and also the fact that the systems show a cooling on mixing. 
In order to test the latter point qualitatively, ethyl alcohol and gasoline 
were mixed in flasks at room temperature and the temperature of the mix-
ture measured. These preliminary data are given in table 1. It is evident 
that the temperature fall is easily detected and is apparently at a maximum 
at the concentrations which show a maximum expansion. Data are not 
available for the exact calculation of the heat absorption accompanying the 
mi.""Cing of the alcohol and gasoline. While the amount of heat absorbed 
may be small, it is of interest to note that the heat content of the blend will 
be increased by the amount of heat absorbed, compared to the values ob-
[245] 
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tained by assuming a linear relationship of the heat contents of the pure 
substances. 
The specific gravity of the fuel is of importance in carburetion since 
a large increase would cause a change in fuel level and in flow into the 
venturi. The data show the density of the 10 per cent alcohol-gasoline 
blend to be only 0.6 per cent greater than the gasoline used in making the 
blend. This is about 60 per cent of the increase to be expected without taking 
the expansion into consideration. This observed change in specific gravity 
of the 10 per cent blend corresponds to a difference of 1.2° Baume, which 
is less than the variation in the specific gravity among various gasolines as 
shown by Ricardo ( 15). Evidently this slight increase is of no practical 
significance in carburation. 
2. THE VISCOSITIES AND FLUIDITIES OF ETHYL ALCOHOL-GASOLINE SYSTEMS 
The viscosities were measured by means of an Ostwald viscosimeter 
completely immersed in a water thermostat at 25°C. The values so ob-
tained are given in table 2. The data were calculated to give the coeffi-
cients of viscosity and fluidities, making use of the densities of table 1. It 
TABLE 1. Densities and specifio volwmes of ethyl alcolwl-gasoline systems 
Sp.G. 
Ethanol Sp.G. Sp.G. calc. Specific Specific 
%by 25°/4° 25°/4° minus volume volume 
vol.1 exp. calc.2 Sp. G. obs exp. calc.s 
0 0.7212 0.7212 0 1.3866 1.3866 
1 0.7214 0.7219 0.0005 1.3863 1.3855 
2 0.7217 0.7226 0.0009 1.3856 1.3843 
4 0.7225 0.7239 0.0015 1.3841 1.3820 
6 0.7236 0.7252 0.0016 1.3820 1.3797 
8 0.7246 0.7265 0.0019 1.3800 1.3775 
10 0.7257 0.7278 0.0021 1.3780 1.3752 
15 0.7292 0.7310 0.0018 1.3714 1.3695 
20 0.7323 0.7342 0.0019 1.3656 1.3638 
30 0.7384 0.7406 0.0022 1.3543 1.3523 
50 0.7520 0.7537 0.0017 1.3298 1.3295 
100 0.7859 0.7859 0 1.2724 1.2724 
1 refers to cc. of alcohol per lOOcc. blend be.fore mixing 
2 Sp. G. = 0.7212 + 0.000647 X per cent alcohol 
s Sp. V. = 1.3866 + 0.001142 X per cent alcohol 
Expansion Lowering 
per lOOcc in t°C. on 
blend mixing 
0 0 
0.08 -
0.13 -
0.21 1.5 
0.23 -
0.25 -
0.27 2.5 
0.19 -
0.18 2.2 
0.20 2.0 
0.03 1.9 
0 () 
will be noted that neither the viscosities nor fluidities are additive. It will 
be noted that the addition of alcohol up to 6 per cent yields systems of 
lower viscosity than either liquid alone. Up to, and including 50 per cent 
alcohol, the highest concentration in the series, the observed viscosities are 
less than those calculated on a linear basis. Up to and including 5 per cent 
alcohol the fluidity is greater than that of either liquid alone. Up to 20 per 
cent alcohol the fluidities are greater than those calculated on the additive 
basis while above 20 per cent, and up to 50 per cent, the highest concentra-
tion of alcohol used, the fluidities are less than those calculated on the 
additive basis. 
Bingham (3) outlines four classes of fluidity curves: I. The simplest 
case in which the fluidity is additive. There is no volume change on mix-
ing, and it is assumed that the components neither dissociate nor interact 
with each other on mixing. II. There is a well defined expansion on mix-
ing, accompanied by the absorption of heat. In such mixtures the fluidity 
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is generally greater than calculated. This increase in fluidity may be at-
tributed to breaking down of association or to dissociation which give rise 
to the increase in volume. III. There is a contraction on mixing, accom-
panied by the evolution of heat. In such cases the fluidity is generally less 
than calculated. IV. When there is a combination of dissociation and 
association the curve may show a positive curvature over a part of its 
course and a negative curvature over a part, there being a point of in-
flection. A pair of liquids may fall into type II and yet have a tendency 
to unite chemically, provided the effect of dissociation predominates in all 
mixtures. 
Evidently the fluidity curve for ethyl alcohol-gasoline mixtures falls 
into type IV. An examination of the data in the International Critical 
Table (11) shows the following systems of ethyl alcohol with another or-
ganic liquid which produce mixtures with fluidites greater than those cal-
culated. Ethyl alcohol benzene (Dunstan (7), Getman (10), Findley (9); 
TABLE 2. Viscosities and fludities of ethyl aloohol-gasoline systems 
relative Coe:ft'. of Coe:ft'. of c-b 
Ethanol viscosity viscosity vis. xioa Fluidity 
%by 25°c. x1()3 calc.1 observed 
vol. (a) (b) (c) (d) (e) 
0 
0 0.723 4.645 4.645 0 215.3 
1 0.711 4.569 4.701 0.132 218.9 
2 0.710 4.555 4.758 0.223 219.1 
4 0.714 4.596 4.871 0.275 217.6 
6 0.723 4.661 4.984 0.323 214.5 
8 0.724 4.673 5.097 -0.424 213.9 
10 0.745 4.816 5.209 0.493 207.6 
15 0.767 4.983 5.492 0.509 200.6 
20 0.800 5.219 5.774 0.555 191.6 
30 0.868 5.711 6.339 0.628 175.1 
50 1.040 6.968 7.467 {).459 143.5 
100 1.470 10.29 10.29 0 97.1 
1 coe:ft'. of viscosity = 4.645 + 0.05645 X per cent alcohol 
2 :fluidity = 215.3 - 1.182 X per cent alcohol 
Fluidity 
e-f 
calc. 
(f) (.l!) . 
215.3 ±0 
214.1 +4.8 
212.9 +6.2 
210.6 +1.0 
208.2 +6.3 
205.8 +8.1 
203.5 +4.1 
197.6 +3.0 
191.7 -0.1 
179.8 -4.1 
156.2 -12.1 
97.1 ±0 
ethyl alcohol-ethyl acetoacetate (Dunstan and Stubbs (8) ) ; ethyl alcohol 
paraldehyde (Muchin (13); and ethyl alcohol-benzaldehyde (Dunstan (7); 
ethy 1 alcohol-anisol Baker ( 1) . 
The data on the ethyl alcohol-gasoline systems are especially analogous 
to the data (Dunstan (7)) on ethyl alcohol-benzene systems. The alcohol 
concentrations up to 20 per cent by weight (at 25 °) show fluidities greater 
than for either solvent alone. The fluidities are greater than calculated 
up to 71 per cent by weight from which point the fluidity is as calculated. 
The effect of temperature upon such systems is striking. The data of Get-
man (10) and Findlay (9) show that at 15°, 20°, 25° and 30° there is a 
range of high concentrations of alcohol in which the fluidity is less than 
calculated while for 35° and 40° at concentration of alcohol greater than 
70 per cent the fluidity is as calculated. At all temperatures the fluidities 
for alcohol concentrations less than 70 per cent are greater than calculated. 
The data in table 2 show the fluidity of a 10 per cent alcohol-gasoline 
blend to be only 3.5 per cent less than for the gasoline and viscosity to be 
only 2.0 per cent greater than for gasoline. This variation is less than the 
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va~iation am.ong. va~ous. gasolines as shown by the da~a of Ricardo ( 15). 
This change m v1scos1ty 1s so small as to be of no practical significance. 
3. THE AIR-FUEL RATIOS OF ETHYL ALCOHOL.GASOLINE SYSTEMS 
Ricardo (15) gives the air-fuel ratios of ethyl alcohol and of various 
gasolines. The air fuel ratio is the weight of air required to completely 
burn a pound of fuel. In table 3 are found calculated values for the air-
fuel ratios of alcohol-gasoline systems. The value for gasoline is the aver-
age for eight gasolines. The theoretically correct air-fuel ratios will be a 
linear function of the composition by weight. 
These calculations show that the 10 per cent blend requires about 4 
per cent lower air-fuel ratio than does the gasoline. The data of Ricardo 
(15) for eight gasolines show a variation among the samples of 5 per cent. 
It is doubtful whether carburetor adjustments, in commercial practice are 
made to such close limits. 
4 .. THE CAWRIFIC VALUES OF ETHYL ALCOHOL.GASOLINE BLENDS 
Ricardo (15) calculated the calorific value of ethyl alcohol and of 
various gasolines. The values include the latent heat of evaporation of the 
fuel and do not include the latent heat of the water formed by the com-
bustion. In table 3 are given calorific values for ethyl alcohol-gasoline 
systems assuming these to be a linear function of compo.sition. The data 
show the calorific value of the 10 per cent blend to be 3 per cent less than 
that of the gasoline. The variation in the calorific values of the eight 
gasolines amounts to 7 per cent. Because of the lower air-fuel ratio and 
the lower calorific value of the 10 per cent blend, it would be expected that 
the heat content of the air-fuel mixture would not be greatly affected and 
Ricardo ( 15) shows this to be practically the case for pure alcohol and 
gasoline. 
5. THE LATENT HEATS OF ETHYL ALCOHOL.GASOLINF.l BLENDS 
In table 3 are given values for the latent heats of evaporation of ethyl 
alcohol-gasoline systems on the assumption that they are a linear function 
of composition. The values for gasoline and ethyl alcohol are taken from 
Ricardo ( 15). There are also given calculated values for the fall in tern-
TABLE 3. Air·fuel ratios, calorific 1!alues, latent heats, a'lld fall in temperature on 
evaporation of ethyl alcohol-ga.so'Wne systems 
Calorific values Latent heat Fall in temp. 
Air-fuel ratios including latent at constant of correct air-
Ethanol for complete heat at constant pressure of fuel ratios due 
%by combustion volume 1 atm. to latent 
vol. by wt. BTU/gal BTU/gal. heat F 0 
0 14.8 116,000 820 33.8 
1 14.7 115,650 837 34.9 
2 14.7 115,290 850 36.0 
4 14.6 114,590 880 38.2 
6 14.5 113,880 910 40.4 
8 14.3 113,180 940 42.5 
10 14.2 112,470 975 44.7 
15 13.9 110,700 1060 50.2 
20 13.6 108,940 1140 55.6 
30 13.1 105,410 1300 66.3 
50 11.9 98,350 1650 88.4 
100 9.0 80,700 2560 143.0 
PHYSICAL-CHEMICAL PROPERTIES OF ETHYL ALCOHOL GASOLINE SYSTEMS 249 
perature, on evaporation, of the alcohol-gasoline systems at the proper air-
fuel ratio. 
Since the latent heat of alcohol is nearly three times that for gasoline, 
it is evident that this factor is of considerable importance in carburation. 
The air-fuel mixture will become colder upon evaporation for the blend 
than for gasoline. Ross and Ormandy (14) state that greater heat input 
to the intake manifold is desirable when using alcohol blends than when 
using gasoline. Practically, this is subject to some correction in view of 
the effect of alcohol upon the distillation range as shown in a previous 
paper of this series. 
6. AIR-FUEL RATIOS IN PRACTICAL USE 
From the data presented it can be predicted that the carburetor set-
ting for a 10 per cent blend should be the same as that for gasoline and 
that the same air-fuel ratio will result. Information supplied by L. T. 
Brown of the Mechanical Engineering Department, Iowa State College 
(unpublished) shows this to be the result observed in dynammeter test. 
Numerous road tests by Moyer and Paustian (12) show that the 10 per cent 
blend can be used interchangeably with gasoline without any carburetor 
adjustments whatever. 
SUMMARY 
1. Systems of ethyl alcohol and gasoline expand on mixing. The maxi-
mum expansion is 0.2-0.3 per cent at 4-30 per cent alcohol. The density 
of the 10 per cent alcohol blend is about 0.6 per cent greater than for 
the basal gasoline. This difference is well within the limits of variation 
for various gasolines. 
2. Neither the viscosities nor fluidities are additive. Systems containing 
up to 6 per cent alcohol have lower viscosities and higher fluidities than 
either the ethyl alcohol or gasoline alone. Up to 20 per cent alcohol 
the fluidities are greater than calculated on an additive basis while from 
20 per cent up to 50 per cent alcohol, the highest concentration used, 
the fluidities are less than calculated on the additive basis. The vis-
cosity of the 10 per cent blend is only 3.0 per cent greater than for 
gasoline. This is well within the limits of variation for various gasolines. 
3. Using the values of Ricardo (13) for gasoline and alcohol the following 
characteristics were considered. The air-to-fuel ratio of a 10 per cent 
blend is about 4 per cent lower than for gasoline, while the variation 
among gasolines may be 5 per cent. 
4. The calorific value of the 10 per cent blend is 3 per cent less than for 
the base gasoline while the variation among gasolines may be 7 per cent. 
Data are calculated for the latent heats and fall in temperature upon 
evaporation for the various blends. These factors show that with the 
blends there will be a greater heat input to the intake manifold which 
is equivalent to an increase in heat content. 
5. All these data indicate that the carburetor setting for a 10 per cent 
blend should be the same as for gasoline and that the same air-to-fuel 
ratio would result. This is in harmony with data from dynammeter 
and road tests. 
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A BOTANICAL SURVEY OF LEE COUNTY, IOWA 
JESS L. FuLTS1. 
From the Department of Botawy, Iowa State College 
Accepted for publication August 29, 1933 
This botanical survey of Lee County in southeastern Iowa was made 
because of the unique location, climate and soil of this area, and because 
the herbarium of Iowa State College contained few plants from this part 
of the state. 
Lee County occupies a broadly triangular elevated plateau, bounded 
on its southeast and southwest sides along the Mississippi and Des Moines 
rivers by strips of low bottomlands that vary from five miles wide near 
Wever to a few hundred yards at Keokuk, where its point projects some 
fifteen miles further south into Missouri than any other section of Iowa. 
It is separated from Illinois on the east by the Mississippi River and from 
Missouri on the west and south by the Des Moines. 
Between the upland plateau and the bottomlands is an extensive area 
of rolling hills more or less covered with timber. The uplands are cut by 
two trough-like drainage systems, both of which rise in the northwest 
corner of the county and proceed in a southeast direction through the tim-
bered hills and down to the Mississippi and Des Moines rivers respectively. 
Between these two drainage systems is a broad fl.at ridge which roughly 
divides the county into equal parts. 
According to the records of the United States Weather Bureau the 
annual mean temperature at Keokuk, situated at the southern tip of the 
county, is 52°F. which is 3° warmer than Des Moines. The average annual 
precipitation is 35.1 inches at Keokuk and 32.4 at Des Moines. The 25° 
isotherm for January runs a little north of J;ee County as compared to the 
20° isotherm through Des Moines. 
There are three major groups of soil types in Lee County, which are 
distributed as follows: (1) the silt loams of the upland prairie in the 
northern half of the county which are adapted to corn production; (2) the 
poorer loam and silt loams in the hilly part of the southern half of the 
county that are suited chiefly to small grains and hay, and (3) the fertile 
but mostly poorly drained bottomland clays, loams and sands; the two 
former being suited to corn and the latter to truck crops. 
The time available made it necessary to confine the work to a con-
sideration of the :flowering plants and ferns with particular attention to 
exact locations of plants and their distribution within the county, to soil 
relationships of the flora, to a general survey of the distribution of crop 
plants in their relation to the native and introduced vegetation, to the wider 
i The author is deeply indebted to R. I. Cratty, Curator of the Iowa State College 
Herbarium, for assistance in identification, criticism, and suggestions in making the study 
comprising this paper; and to Dr. I. E. Melhus for generous assistance in organization of 
the problem, carrying out the field studies, and assisting in the preparation of the man-
uscript. 
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distribution in Iowa of the trees and shrubs of Lee County, and to plants 
not heretofore reported in the state. 
EARLIE·R PLANT COLLECTIONS IN LEE COUNTY 
Although there has been no published account of the flora of Lee 
County, at least three other collections had been made prior to June 1931. 
These plants were examined and the records included in this paper. The 
earliest collections were those of the late Dr. Ehringer of Keokuk who made 
a collection of Lee County plants about thirty years ago which are now 
preserved in the herbarium of Carthage College at Carthage, Illinois. There 
were 22 species in this collection which were labeled "from Lee County" 
and a number more labeled "from Iowa" that undoubtedly came from Lee 
County. In this paper only those labeled "from Lee County" are recorded. 
Another collection made by Mrs. Kate 0 'Bleanus about 30 years ago 
is preserved by her at her home near Keokuk. In this collection there were 
approximately 87 species from Lee County whose names, with a few changes, 
are included in this paper. 
The most recent collection from Lee County is deposited in the her-
barium of Iowa Wesleyan at Mt. Pleasant, Iowa, and was made by Pro-
fessor H. E. Jaques and some of his students during the summer of 1929. 
There were 87 species in this collection, all of which have been included. 
Besides these three collections, there are 14 species, mostly trees and 
shrubs, which were collected by the late Dr. L. H. Pammel and deposited 
in the Iowa State College Herbarium before June 1931. 
RESULTS OF THE SURVEY 
INCLUDED SPECIES 
After our plants were collected, and identified, and the identification 
of the specimens in the previously mentioned collections were checked, they 
were listed in the order of Gray's Manual (7th edition). Locations and 
field notes were given in each case where available. In addition part of 
the names included in a list of plants published in the Iowa Farmer and 
Horticulturist at Burlington and Fairfield, Iowa, about seventy-five years 
ago2 were included. 
The following is a list of the capital letters used to indicate the several 
collections : 
F = Plants collected and identified by Jess L. Fults. 
I = Plants in the Iowa State College Herbarium before June 1, 1931. 
0 = Plants in the collection of Mrs. Kate 0 'Bleanus. 
W = Plants collected by Prof. H. E. Jaques and students of Iowa 
Wesleyan at Mount Pleasant, Iowa. 
C = Plants collected by Dr. Ehringer of Keokuk, Iowa, and placed 
in the herbarium of Carthage College, Carthage, Illinois. 
B = Plant names published in the Iowa Farmer and Horticulturist, 
Vol. 1, Nos. 2, 3, 4, and 7, as occurring in southeastern Iowa, 
about 75 years ago. 
SYSTEMATIC LIST AND FIELD NOTES 
The nomenclature of Gray's Manual (7th edition) was followed, or of 
Britton and Brown 's Flora of the Northern States and Canada in those 
2 Our Native P lants, Iowa F armer and Horticulturist, Vol. I., Nos. 2, 3, 4 and 7. 
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cases where the plant was not described in Gray or when the name in 
Britton and Brown seemed preferable. 
SYSTEMATIC LIST AND FIELD NOTES 
POLYPODIAOEAE 
..4.diantwm pedatwm L. 
FWC 
Sec 8 T68N-R5W Marion silt loam . 
..4.sple'IWwm acrostiohoides SW. 
c 
..4.sple'llMvm platyneuron (L.) Oakes 
F 
Sec 24 T68N-R4W Lindley loam . 
.d. thyrittbm Fililx-f emina ( L) . Roth. 
FC 
Sec 13 T66N-R6W Memphis silt loam. 
Infrequent in this locality. 
Botrychiwm virginia1111~ (L.) Sw. 
F 
Sec 26 T66N--R5W 
Infrequent. 
Filix fragilis (L.) Underw. 
FC 
Sec 13 T66N-R6W Marion silt loam. 
Onoclea sensibiUs L. 
w 
Osmund.a Claytoniana L. 
FC 
Sec 26 T66N-R6W Genesee very fine sandy loam. 
Polys"tichwm acrostichoides (Michx.) Schott. 
FW 
Sec 13 T63N-R6W Marion silt loam. 
Infrequent in this locality. 
Woodsia obtusa (Spreng.) Torr. 
FWC 
Sec 23 T66N-R6W Genesee very fine sandy loam. 
Fairly common. 
Sec 19 T65N-R5W 
Equisetum arvense L. 
F 
Vicinity of the Gabel Farms. 
Eqi~etU?n Kansa1111.bm Schaffner 
F 
Sec 33 T67N-R6W 
Infrequent. 
Sec 28 T67N-R5W Buckner loam. 
Frequent on this soil. 
Equisetum robustum A. Br. 
F 
Sec 27 T67N-R7W Genesee silt loam. 
Only two or three plants. 
Sec 13 T65N-R5W Genesee silt loam. 
Sec 29 T65N-R5W Wabash fine sandy loam. 
Jiiniperus virginiama L. 
F 
Sec 26 T66N-R5W Lindley loam. 
PINACEAE 
Associated with Gleditsia triacanthos in open park-like stl!-nds. 
a Sec 19 T65N-R5W. 
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Typha latifoli.a L. 
FW 
Sec 33 T68N-R3W Wabash clay. 
Common in wet places. 
Potam-0geton dimorphus Raf. 
w 
.Alisma P"lalntago-aqu.atica L. 
FB 
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TYPHACEAE 
NAJADACEAE 
ALISMACEAE 
Sec 13 T66N-R5W Genesee very fine sandy loam. 
Infrequent. 
Sagittari.a latifoli.a Willd. 
F 
Sec 4 T68N-R3W Wabash silty clay loam. 
Common in very wet locations. 
.Agr<>pyron repens (L.) Beauv. 
F 
GRAMINEAE 
Sec 1 T65N-R5W Genesee very fine sandy loam. 
Along railroad track. Naturalized from Europe . 
.Agropyron S™thii Rydb. 
F 
Sec 2 T66N--R6W Lindley loa.m. 
Common along railroad track . 
.Agrosti.s alba L. 
FW 
Sec 8 T67N-R5W Marion silt loam. 
Frequent in shady woods. 
Sec 2 T66N-R6W Marion silt loam. 
Co=on along roadsides. 
Sec 23 T66N-R5W Genesee silt loam. 
Frequent. 
Sec 3 T65N-R6W Buckner fine sandy loam. 
Infrequent • 
.Agrr<>sti.s llyemalis (Walt.) B.S.P. 
FC 
Vicinity of Gabel Farm• . 
.Agrostis perewnans (Walt.) Tuckerm. 
F 
Sec 19 T67N-R5W Genesee very fine sandy loam. 
Frequent in shady woods . 
.Alope<YWrus gemoulatus L. 
F 
Vicinity of Gabel farm . 
.Andropogon furoatus Muhl. 
F 
Sec 34 T68N- R7W Lindley loam . 
.A ristida graoilis Ell. 
F 
Infrequent . 
.Aristida oligatntha Michx. 
F 
Sec 36 T67N-R6W Putnam silt loam. 
4 Sec. 19 T65N-R5W. 
.A1!ena satwa L. 
w 
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Introduced from Europe. 
BO'UteWu.a cwrtipendula (Michx.) Torr. 
F 
Sec 30 T68N-R3W Buckner silt loam. 
Infrequent. 
Bromus japo1llicus Thunb. 
F 
Vicinity of Gabel farm. Introduced from Japan by way of Europe. 
Bromus purgans L. 
F 
Sec 26 T66N-R5W Lindley loam. 
Infrequent in shady woods. 
Sec 13 T66N-R6W Marion silt loam. 
In deep shady woods. 
Bromus seoalinius L. 
F 
Naturalized--;from Europe. 
Bromus tect01"WITI L. 
F 
Sec 36 T67N-R6W Lindley loam. 
Common along railroad track. 
Extensively naturalized from Europe. 
Ca1.amagrostis Maoowniana Vasey. 
F 
Sec 27 T69N-R7W GTundy silt loam. 
Infrequent. 
Cenchrus pauci,fTnrus Benth. 
= ·Cenchrus oaroli~ Walt. 
F 
Sec 28 T67N-R5W Buckner fine sand. 
Frequent in sand. 
Dactylis glomerata L. 
F 
See 16 T65N-R5W Marion silt loam. 
Infrequent near lake shores. 
Naturalized from Europe. 
Dantho1llia spkata (L.) Beauv. 
F 
Diarrhena americana Beauv. 
F 
Sec 14 T66N-R6W Genesee very fine sandy loam. 
Rare in this locality. 
Digitaria sanguiilnalis (L.) Scop. 
F 
See 36 T67N-R6W Lindley loam. 
Frequent. Naturalized from Europe. 
Echmochloa Crus-galli (L.) Beauv. 
F 
Sec 29 T67N-R7W Union stony loam. 
Frequent in wet ditches along the road. Naturalized from Europe. 
Ely'TTllUS striatus Willd. 
F 
Sec 29 T65N-R5W Wabash silt loam. 
Frequent. 
Elymus gT.abriflorus (Vasey) Scrib. & Ball. 
F 
Sec 14 T66N-R6W Genesee very fine sandy loam. 
255 
Frequent in shady woods. First specimen to be placed in Iowa State College Herbarium 
from Iowa. 
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Elym™ 1!irgimou,s L. 
F 
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Sec 8 T67N-R5W Marion silt loam. 
Elymus robustus Scribn. and J. G. Sm. 
F 
Sec 22 T67N-R5W Buckner loam. 
Frequent. 
Sec 28 T68N-R5W Genesee very :fine sandy loam. 
Sec 2 T66N-R6W Lindley loam. 
(Jommon. 
Elymus 11irginicus var. submutiou,s Hook. 
FW 
Sec 8 T67N-R5W Genesee very :fine sandy loam. 
Eragrostis hypoides (Lam.) B.S.P. 
F 
Sec 24 T69N-R4W Genesee very :fine sandy loam. 
Infrequent. 
Eragrastis cilianensis (All.) Link. 
F 
= E. megastachya (Koeler) Link. 
Sec 24 T69N-R4W Genesee very :fine sandy loam. 
Infrequent in a wet sand creek bottom. 
Sec 21 T66N-R6W Buckner silt loam. 
Frequent. Naturalized from Europe. 
Eragrostis pectinacea (Michx.) Steud. 
FW 
Sec 34 T67N-R5W Buckner loam. 
Frequent. 
Eragrostis pilosa (L.) Beauv. 
F 
Sec 4 T66N-R7W Buckner very :fine sandy loam. 
Infrequent. Found between ties o.f railroad track. 
Festuca nutans Willd. 
F 
Sec 29 T65N-R5W Wabash :fine sandy loam. 
Frequent in shady woods. 
Festuca octoflora Walt. 
FC 
Sec 16 T65N-R5W Marion silt loam. 
Glyceria borealis (Nash) Batch. 
F 
Sec 20 T68N-R3W Wabash silty clay loam. 
Infrequent. In standing water. 
Glyceria nernata (Willd.) Trin. 
F 
Vicinity of Gabel farm. 
Hordeum jubatum L. 
F 
Sec 19 T65N-R5W Putnam loam. 
A miserable weed introduced from Europe. 
Hordeum pusillum Nutt. 
F 
Vicinity of Gabel Farm. 
Hystrix patula Moench. 
F 
= .. H. Hystrix Millsp. 
Sec 8 T65N-R5W Marion silt loam. 
Infrequent. 
Leersia oryzoides (L.) Sw. 
F 
Sec 21 T68N- R3W Wabash silt loam. 
Only location found. 
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Leersia 1!iffginica Willd. 
F 
Frequent in shady woods. 
Leptoloma oognat1im (Schultes) Chase 
F 
Sec 4 T66N-R7W Buckner very fine sandy loam. 
Rather rare. Growing in a road. 
Pa'lllicum agrost-Oides Spreng. 
c 
Panicum capillare L. 
F 
Sec 11 T68N-R5W Grundy silt loam. 
l:!,requent in upland soils. 
Pa'lllimwi dichotomiflomm Michx. 
F 
Frequent. 
Panioum h1tach!ucae Ashe. 
F 
Sec 23 T68N-R5W Lindley loam. 
Very variable in its characters. 
Panicwm implicatwm Scribn. 
F 
Panicwm latifoliwm L. 
= macrocarpon Le Conte 
F 
Sec 29 T65N-R5W Wabash fine sandy loam. 
Panimbm Scribneria'111UJm Nash. 
F 
Sec 34 T67N-R5W Buckner loam. 
Infrequent. 
Phleum pratense L. 
w 
Commonly cultivated. Introduced from Europe. 
Poa compressa L. 
F 
Naturalized from Europe. 
Poa pratensis L . 
w 
Very common. 
Setaria glauca (L.) Beauv. 
F 
Sec 11 T68N-R5W Grundy silt loam. 
Common. Naturalized from Europe. 
Setaria 1!iridis (L.) Beauv. 
F 
Sec 1 T65N-R5W Genesee very fine sandy loam. 
Infrequent along roads. 
Naturalized from Europe. 
Sorghum halepense (L.) Pers. 
F 
Sec 29 T68N-R3W Wabash clay. 
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Spa-rtioo MiohMLaiaoo Hitchc. 
F 
Sec 22 T68N-R3W Wabash clay. 
Co=on along roads. 
JESS L. FULTS 
Sphenopholis pallens (Spreng.) Scribn. 
0 
Sorghastrwm rmtans (L.) Nash 
F 
Sec 21 T67N-R7W Lindley loam. 
Infrequent. 
Sporobolus oryptandrus (Torr.) Gray 
F 
Sec 28 T67N-R5W Buckner 1ine sand. 
Trioaia. {la1!a (L.) Hitchc. 
= Tridens fla1!US (L.) Hitchc. 
F 
T 
Triplasis purpurea (Walt.) Chapm. 
F 
Sec 27 T67N-R5W Buckner loam. 
In.frequent. Leaves have a very acid taste. 
Carex Asa-Grayi Bailey 
= Cwrex Gra;yi Carey 
= C<11rex Grayi Carey 
F 
Sec 33 T68N-R3W Wabash clay. 
Rare. Only one plant found. 
Carex brachyglossa Mack.6 
F 
Sec 29 T65N-R5W Wabash fine sandy loam. 
Carex bre1!ior (Dewey) Mack.6 
F 
Sec 36 T66N-R6W Marion silt loam. 
Infrequent on upland soils. 
Carex Bioknellti Britt. 
F 
Sec 16 T65N-R5W Marion silt loam. 
Rare at this date-June 29, 1932. 
Carex cephal<>phora Muhl. 
FC 
Sec 13 T66N-R6W Marion silt loam. 
Frequent in shady woods. 
Carex ori,statella Britt. 
= cristata ·Schwein. 
F 
Sec 23 T66N-R6W Genesee very fine sandy loam. 
Sec 4 T66N-R7W Buckner very fine sandy loam. 
Frequent. 
Carex conjwncta Boott. 
F 
Sec 14 T66N-R6W Genesee very fine sandy loam. 
Carex crus-cor1!i Schuttlw. 
F 
Sec 33 T68N-R3W Wabash clay. 
Carex Da1!isii ·Schwein. & Torr. 
F 
Sec 29 T65N-R5W Wabash fine sandy loam. 
Seemed to spread by rhizomes. 
5 Described by Mr. Kenneth K. Mackenzie since the last editions of Gray's "New 
Manual of Botany" and Britton and Brown's "Flora of the Northern States and 
Canada.'' 
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Carex festucacea Willd. 
F 
Sec 32 T67N-R7N Buckner very fine sandy loam. 
Note the hollow stems which are rare in this genus. 
Carex gravida Bailey. 
F 
Carex hiffsutula Mack. 
F 
Sec 36 T66N-R6W Marion silt loam. 
Note the hairy leaves. 
Carex hystricina Muhl. 
c 
Carex Jamesii Schwein. 
F 
Carex lawugincsa Michx. 
F 
Sec 36 T67N-R6W Lindley loam. 
Carex laxiflora Lam. 
c 
Carex lupulifonnis Sartwel. 
F 
Sec 20 T68N-R3W Wabash silty clay loam. 
Carex lupulina Muhl. 
F 
Sec 19 T65N-R5W Wabash clay. 
Sec 28 T67N-R6W Lindley loam. 
Sec 33 T68N-R3W Wabash clay. 
Infrequent. 
Carex muskingumensis Schwein. 
F 
Sec 33 T68N-R3W Wabash clay. 
Frequent. 
Carex pennsylvamca Lam. 
F 
Carex plana Michx. (C. MuhlenbergiA var. ener11is Boott.) 
F 
Sec 28 T67N-R5W Buckner fine sand. 
Carex retrorsa Schwein. 
F 
Sec 29 T67N-R7W Marion silt loam. 
Common in wet ravines. 
Cai·ex rosea Schkuhr. 
F 
Sec 23 T66N-R6W Genesee very fine sandy loam. 
Carex scoparia Schkuhr. 
F 
Sec 29 T65N-R5W Wabash fine eandy loam. 
Infrequent. 
Carex Shriveri Britt. 
= C. granularis var. Haleana (Olney) Porter 
F 
Sec 13 T66N-R6W Marion silt loam. 
Infrequent. 
Carex straminea var. echincdes Fernald 
F 
Sec 19 T65N-R5W Putnam silt loam. 
Carex tenella Schkuhr. 
F 
Carex tribuloiides Wahlenb. 
F 
Sec 23 T66N-R6W Genesee very fine sandy loam. 
Frequent. 
Sec 19 T65N-R5W Wabash clay. 
Infrequent on this soil. 
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Carex typhina Michx. 
F 
Sec 33 T68N-R3W Wabash clay. 
Carex umbelZata Schkuhr. 
F 
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Sec 23 T66N-R6W Genesee very :fine sandy loam. 
Infrequent in damp woods. 
Carex vulpinoidea Michx. 
F 
Sec 28 T68N-R4W Lindley loam. 
Carex xanthooarpa Bicknell. 
= C. setacea var. wrnbig'!ba (Barratt) Femald 
F 
Sec 13 T66N-R6W Marion silt loam. 
Frequent in shady woods. 
Cypcrus acuminatus Torr. & Hook. 
]' 
Sec 5 T67N-R5W Marion silt loam. 
Rare. An annual. 
Cyperus esoolent11s L. 
F 
Sec 27 '1'67N-R7W Union stony loam. 
Cyperw filicmlmis Vahl. 
F 
Sec 3 T65N-R6W Buckner fine sandy loam. 
Rare. In the school house yard 14 mile west of Connables, Iowa. 
Cyperus SchweinitzVi Torr. 
F 
Sec 27 T67N-R5W Buckner loam. 
Frequent on sandy bottom soils. 
Heavily infected with Pi1ccinia cyperii .Arth. 
Sec 34 T67N-R5W Buckner loam. 
Frequent. 
Sec 36 T67N-R6W Lindley loam. 
Infrequent in this soil. 
Cyperiu; speci08'l"8 Vahl. 
= C. ferax Rich. o.f Gray's Manual 
c 
Eleocharis acioularis (L.) R. & S. 
F 
Sec 4 T68N-R3W Wabash silty clay loam. 
Common in wet mud. 
Eleocharis obtusa (Willd.) Schultes 
F 
Sec 19 T65N-R5W Wabash clay. 
Infrequent. 
Sec 36 T67N-R6W Lindley loam. 
Common on rnilroad track ballast. 
Eleocharis palustris (L.) R. & S. 
F 
Sec 19 T65N-R5W Wabash clay. 
Common in wet places. 
Scirp11s americanms Pers. 
F 
Sec 2 '1'66N-R6W Marion silt loam. 
Rare along railroad trnck. 
Scirpus atroviren.s Muhl. 
F 
Sec 16 Tu5N-R5W Marion silt loam. 
Common in wet ground. 
Scirpus cyperirnb8 (L.) Kunth. 
F 
Sec 20 T68N-R3W Wabash silty clay loam. 
Infrequent. 
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Scirpus lim.eatu.s Michx. 
F 
SCliffpus validu.s Vahl. 
FC 
Sec 33 T68N-R3W Wabash clay. 
Infrequent. 
Arisaema Dracontium (L .) Schott. 
w 
Arisaema triphylliim (L.) Schott. 
FOB 
ARACEAE 
COMMELI NACEAE 
Commelina virginioa L . 
F 
Sec 28 T67N-RSW Buckner loam. 
Tradescantia reflexa Raf. 
F 
Tradescantia virginiana L . 
OCB 
JUNCACEAE 
Junous acuminatiis Miclu. 
F 
Sec 19 T65N-R5W Wabash clay. 
Infrequent. 
Juncu.s balticiis var. littoraUs Engelm. 
F 
Sec 36 T67N-R6W Lindley loam. 
Infrequent. 
Juncus bufO?Wus L. 
F 
Sec 33 T68N-R4W Lindley loam. 
Junciis effusus L. 
F 
Juncits seoundit.s Beauv. 
var.! 
F 
Sec 29 T65N-R5W Wabash fine sandy loam. 
Infrequent. 
J imcus tewwis WilJd. 
F 
Sec 33 T67N-R6W Putnam loam. 
Frequent to common in shady places along paths. 
Sec 19 T65N-R5W Putnam loam. 
Common in shady places. 
Juncus Torreyi Coville. 
F 
Sec 36 T67N-R6W Lindley loam. 
Frequent along raill'Oad tracks. 
Alliivm canadense L . 
F 
Alliit11n miitabile Michx. 
F 
Sec 36 T67N-R6W Lindley loam. 
Infrequent. 
LILIACEAE 
261 
262 
.Asparagus officioolis L. 
FW 
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Bee 13 T65N-R5W Grundy silt loam. 
A co=on escape. Introduced from Europe. 
Erythromum albidwm Nutt. 
0 
Hemerooollis fufoa L. 
F 
Bee 31 T66N-R5W Genesee very fine sandy loam. Frequent as an escape. 
Lilium Miohiganense Farw. 
F 
Sec 36 T67N-R6W Lindley loam. 
Rare. lA, mile S.W. of Junction of the A. '!'. and S. F. railroad with the hard road from 
Donnellson to Keokuk, Iowa. 
Polyg<matum commutatum (R. & S.) Dietr. 
F 
Sec 13 T66N-R5W Genesee very fine sandy loam. 
Polygoootum commutatum (R. & S.) Dietr. 
0 
Smilaoitna racemosa (L.) Desf. 
FO 
Sec 14 T66N-R6W Genesee very fine sandy loam. 
Frequent under dense shade. 
Smilax ecirrhata (Engelm.) Wats. 
F 
Smilax rotun<Ufolia L. 
F 
Sec 11 T65N-R5W Lindley loam. 
Infrequent. 
Trillium recurootum Beck. 
OBF 
Utmlaria grandiflora Sm. 
FB 
UtJUlaria perfoliata L. 
w 
AMARYLLIDACEAE 
Hypoxia hirsuta (L.) Coville. 
0 
Belamoonda chinensis (L.) DC. 
F 
IRIDAOEAE 
Sec 25 T68N-R4W Marion silt loam. 
Infrequent as an escape. Introduced from Europe. 
Iris versicolor L. 
FWB 
Sec 19 T65N-R5W Wabash clay. 
Infrequent. 
Sisyrinohimn oa.mpestre Bicknell 
FO 
Sec 28 T64N- R4W Memphis silt loam. 
Rare. 
Cypripedium parviflorum Salisb. 
var. pubescens (Willd.) Knight 
0 
Populus alba L. 
F 
ORCHIDAOEAE 
SALICAOEAE 
Sec 27 T67N-R7W Marion silt loam. 
Introduced from Europe. 
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Populus deltoid.es Marsh. 
F 
Sec 17 T65N-R5W Lindley loam. 
In a dry creek bottom. Frequent. 
Pop-u.lus tremuloid.es Michx. 
F 
Sec 28/33 T67N-R6W Putnam loam. 
Salh amygdaloiiles Anders. 
I 
Sali:i: ilisrolor Muhl. 
I 
Sali:i: nigra Marsh. 
F 
Sec 27 T67N-R7W Genesee silt loam. 
Sec 28 T66N-R5W Memphis silt loam. 
Sec 26 T66N-R5W Genesee silt loam. 
Salili; interi<>r Rowlee. 
= S. Tnngifolia Muhl. 
F 
Sec 4 T68N-R3W Wabash silty clay loam. 
Common. 
Sec 4 T67N-R5W Memphis silt loam. 
Frequent. 
JUGLANDACEAE 
Carya alba (L.) K. Koch. 
F 
Infrequent. 
Carya cordiformis (Wang.) K. Koch. 
F 
Sec 30 T69N-R3W Lindley loam. 
Frequent. 
Carya ooota (Mill.) K. Koch. 
F 
Sec 27 T67N-R7W Marion silt loam. 
Common. 
Jug1.<vns cinerea L. 
F 
Juglans nigra L. 
I 
Betula nigra L. 
F 
Sec 12 T65N-R6W 
Frequent along Sugar Creek. 
Carpinus oaroliniana Walt. 
FB 
Corylus americana Walt. 
FW 
Sec 17 T65N-R5W Lindley loam. 
Ostrya 1!irginiana, (Mill.) Willd. 
FWB 
Common in shady woods. 
BETULACEAE 
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Quercus alba L. 
FW 
Sec 30 T69N-R3W Lindley loam. 
Common. 
Quer~ bicolor Willd. 
F 
Sec 20 T65N-R5W Putnam loam. 
FAGACEAE 
Sec 28 T67N-R6W Genesee silt loam. 
Sec 14 T66N-R6W Genesee very fine sandy loam. 
X Querc1is Bushi4 Sargent 
(Quercu.s velutina x marilandica) 
F 
Sec 33 T67N-R7W 
Querc1is imbricaria Mich."<. 
w 
Quercus macrooarpa Michx. 
F 
Sec 2 '1'66N-R6W Genesee very fine sandy loam. 
Sec 34 T68N-R7W Lindley loam. 
Common on this soil. 
Quercus marilandica Muench. 
F 
Sec 8 T65N-R5W Marion silt loam. 
Quite common in one location near Summit School. 
Quercus maxi·ma Ashe. 
FI 
Sec 8 T67N-R5W Marion silt loam. 
Q·1iercus Muhlenbergii Engelm. 
F 
Quercus pal1ustris Muench. 
F 
Frequent. 
Quer~ stellata Wang. 
FW 
Sec 36 T66N-R6W 
Sec 25 T66N-R6W Marion silt loam. 
Quercus velutina Lam. 
FW 
Cannabis sativa L. 
p 
URTIOACEAE 
Sec 34 T67N-R5W Buckner loam. 
Fi·equent. An introduction from Europe. 
Celtis occidentaUs L. 
FW 
Sec 32 T66N-R6W Buckner loam. 
Celtis occidentalis 
var. crassifolia (Lam.) Gray 
I 
Humiuu.s Ltipuli1s L. 
F 
Laportea canadensis (L.) Gaud. 
= Urtiaastrum divarioatwm. (L.) Kuntze 
F 
Sec 32 T66N-R6W Wabash silt loam. 
:F'requent in shady woods along streams. 
Maclura pcmifera (Raf.) Schneider. 
F 
Sec 2 T66N- R5W Lindley loam. 
An escape in the southern part of Iowa. Native from Missouri to Texas. 
BOTANICAL SURVEY OF LEE COUNTY, IOWA 
Morns alba L. 
F 
Frequent as an escape. Naturalized from Europe. 
Moni,s rubra L. 
I 
Parietaria pennsylva11'ica Muhl. 
c 
UlWl.i.s arnericana L. 
FW 
Sec 34 T66N-R6W Buckner silt loam. 
Common. 
Ulmus fulva Michx. 
w 
Ulrnus racenwsa Thomas. 
I 
Urtica gracilis Ait. 
F 
Comandra urnbellata (L.) Nutt. 
0 
SANTALACEAE 
ARISTOLOCHIACEAE 
.ctsarum canadense L. 
FOB 
Dioscorea villosa L. 
FW 
Sec 19 T65N-R5W 
In second growth hickory woods. 
POLYGONACEAE 
Sec 2 T66N-R6W Genesee very fine sandy loam. 
Co=on. 
Polygonwm acre HBK. 
F 
Frequent. 
Polygmvwm avioolare L. 
F 
Polygonwm Convolviilus L. 
F 
Sec 1 T65N-R5W Genesee very fine sandy loam. 
Infrequent. Naturalized from Europe. 
Polygonum Hydropiper L. 
0 
Polygo?IJUm lapathifolium L. 
F 
Polygonwm Muhlenbergii (Meisn.) Wats. 
c 
Polygo?IJUm pennsylva?Vioom L. 
F 
Sec 21 T66N-R6W Marion silt loam. 
Common along roads in loose soil. 
Sec 22 T68N-R3W 
Sec 1 T65N-R5W Genesee very fine sandy loam. 
Infrequent along railroad tracks. 
Polygonum Persioaria L. 
w 
Naturalized from Europe. 
Polygonum ramosissimum Michx. 
F 
Sec 28 T67N-R5W Buckner loam. 
Infrequent. 
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PolygO'Yl!Ulm sagittat'U'111 L. 
Sec 19 T67N-R5W Genesee very fine sandy loam. 
Infrequent. 
PolygO'Yl!Ulm soandens L. 
F 
Polygorvum te'll!Ue Michx. 
F 
Sec 28 T64N-R4W Memphis silt loam. 
Infrequent on dry hill knolls. 
Polygorvum 1!irgini.anwm L. 
F 
Sec 30 T68N-R3W Buckner silt loam. 
Frequent. 
Bwmex Acetosella L. 
FW 
Introduced from Europe. 
Bwmex altissimlu.s Wood. 
F 
Bwmex Brita11111<ioa L. 
0 
Bu.mex crisP'UB L. 
F 
Naturalized from Europe. 
Bwmex 1!ertwmatm L. 
F 
Sec 28 T67N-R6W Lindley loam. 
Infrequent. Growing in water with some sedges. 
Cheoopodiwm alb'U'111 L. 
FB 
CHENOPODIAOEAE 
Sec 29 T65N-R5W Wabash fine sandy loam. 
Common. Naturalized from Europe. 
Chenopo<Uurm ambrosiotdes L. 
FB 
See 10 T66N-R6W Putnam loam. 
Infected with Cercospora &u.bia (Riess.) Wint. 
Che1wpodiu.m urbicum L. 
c 
CycZoloma atripliMf<>li'Um (Spreng.) Coulter. 
F 
Sec 36 T67N-R6W Lindley loam. 
Co=on on railroad ballast. 
Sec 28 T65N-R5W Buckner fine sand. 
Sec 27 T67N-R5W Buckner loam. 
AC'lllida tuber<mlata Moq. 
F 
AMARANTHAOEAE 
Sec 33 T68N-R3W Wabash clay. 
Frequent. 
Amaranthus blitO<ides Wats. 
F 
Sec 14 T67N-R5W Buckner very fine sandy loam. 
Frequent. Naturalized from west of the Rocky Mountains. 
Froelichia campestris Small. 
F 
= F. floridana (Nutt.) Moq. 
Sec 28 T67N-R5W Buckner fine sand. 
Infrequent. Along fences. 
Sec 32 T67N-R5W Buckner fine sandy loam, 
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PHYTOLACCACEAE 
Phytolacoo decandra L. 
F 
Sec 13 T65N-R6W 
Infrequent. 
Sec 36 T68N-R3W Wabash clay. 
Rare at this date, July 29, 1931. 
NYOTAGINAOEAE 
.Allionda nyctaginea Michx. 
- Oxybaphus nyotaginea (Michx.) Sweet. 
F 
CARYOPHYLLACEAE 
Cerastiwm nutams Raf. 
CF 
Cerastiwm 'Visooswm L. 
c 
Cerastiwm oolgatum L. 
F 
See 17 T65N-R5W Lindley loam. 
Common but only a few flowers at this date. Naturalized from Europe. 
Dianthus barbatus L. 
w 
Baponaria offi<Nnalis L. 
F 
Sec 1 T65N-R5W Genesee very fine sandy loam. 
Co=on along railroad track. 
Bee 28 T67N-R5W Buckner loam. 
Frequent to co=on. Naturalized from Europe. 
Bilene alba Muhl. 
F 
= 8. 'l'Wvea (Nutt.) Otth. 
See 4 T66N-R7W Buckner very fine sandy loam. 
BiT.ene antirrhina L. 
c 
Bil.ene media (L.) Cyrill. 
c 
Bilene stellata (L.) Ait. 
FB 
Sec 4 T66N-R7W Buckner very fine sandy loam. 
Infrequent. 
Mollugo 1!ertioillata L. 
F 
AIZOACEAE 
Sec 29 T67N-R7W Marion silt loam. 
Naturalized from further south. 
Claytonda 1!irginioa L. 
OFB 
Portulaoa oleracea L. 
F 
PORTULACACEAE 
Sec 10 T66N-R6W l'utnam loam. 
Infrequent. In plowed com fields. 
Naturalized from Europe. 
NYMPHAEAOEAE 
Castalia tuberosa (Paine) Greene. 
c 
.Anemone oanad.ensis L. 
F 
RANUNCULACEAE 
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Sec 33 T68N-R3W Wabash clay. 
Common in wet bottomland soils. 
AnemD'lle quinquefolia L. 
0 
Anemone virginiana L. 
FB 
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Sec 13 T66N-R6W Marion silt loam. 
Infrequent in damp shady woods. 
Sec 2 T65N-R5W Lindley loam. 
Sec 13 T65N-R6W 
Anemonella thalictroides (L.) Spach. 
F 
Aquilegia c.anadensis L. 
OWB 
Clematis Pitcher~ T. & G. 
F 
Sec 2 T66N-R6W Genesee very fine sandy loam. 
Infrequent. 
Sec 2 T66N-R5W Genesee very fine sanely loam. 
Delphinii1,11n azureum Michx. 
WB 
Delphinium trioorne Mich."'<. 
c 
Hepatica aoutiloba DC. 
0 
.Rawwnculu.s acris L. 
0 
.Ranunoulu.s abortivus L. 
FO 
In shady woods . 
.RarlAtnculu.s fasciuularis Muhl. 
FOB 
.Ranuncu:/,iis septentrionalis Poir. 
F 
Thalictrwni ila.sycarpwni Fisch. & Lall. 
F 
Sec 23 T68N-R5W Grundy silt loam. 
Frequent. 
Memspermum c.anadense L. 
FB 
MENISPERMACEAE 
Sec 2 T66N-R6W Marion silt loam. 
A.~imina triloba Dunal. 
FW 
ANONACEAE 
Sec 1 T65N-R5W Memphis silt loam. 
Frequent on north slopes to Mississippi River. 
Podophyllivm peltativm L. 
FO 
Berberis vulgaris L. 
I 
BERBERIDACEAE 
Naturalized from Europe. 
Caulophyllum thalictroides (L.) Michx. 
c 
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PAPAVERACEAE 
Banguinaria canadensis L. 
OB 
FUMARIACEAE 
C<>rydaUs a,urea Willd. 
OF 
Dicentra ca11adensi.s (Goldie) Walp. 
FB 
.Arabia canadensis L. 
F 
Barbarea 1!Ulgari.s R.Br. 
c 
Brassica juncea (L.) Cosson 
F 
Naturalized from Europe. 
Brassioa nigra (L.) Koch. 
FW 
CRUCIFERAE 
Sec 1 T65N-R5W Genesee very :fine sandy loam. 
Common along railroad near Sandusky, Iowa. 
Naturalized from Europe. 
Capsella B1wsa-pasto-ris (L.) Medic. 
WO 
Naturalized from Europe. 
Cardamine hirsuta L. 
c 
Carda'TIWne par1!iflora L. 
F 
Draba caroliniana Walt. 
F 
Erysimum cheiranthoides L. 
FB 
Sec 24 T69N-R4W Genesee very :fine sandy loam. 
Frequent. 
Lepidiwm densiflorum Schrad. 
= L. apetalum in Gray's Manual. 
F 
Lepidium 1!i1-ginicum L. 
FW 
Sec 27 T67N-R7W Genesee silt loam. 
lladicula palustris (L.) Muench. 
F 
Sec 31 T67N-R5W Putnam loam. 
Infrequent. 
llaphlvwus sati.1!11.s L. 
w 
Bisymbriwm altissimum L. 
F 
Bisymbriwm oanescens Nutt. 
F 
Bisymbrium officirwJ,e (L.) Scop. 
FO 
Sec 24 T69N-R4W Genesee very :fine sandy loam. 
Naturalized from Europe. 
Pola-n.i.sia trachysperma T. & G. 
F 
CAPPARIDACEAE 
Sec 32 T66N-R6W Buckner very :fine sandy loam. 
Frequent in this soil. 
Sec 33 T68N-R3W 
Common in sand along levees, etc. 
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SAXIFRAGACEAE 
Heuchera hi.spida Pursh. 
F 
Sec 9 T65N-R5W Lindley loam. 
Rare. 
Penth-Orwm sedoides L. 
F 
Sec 4 T68N-R3W Wabash silty clay loam. 
Infrequent in wet soil. 
Bibes mi.!so'llffiense Nutt. 
= gracil.e Michx. 
F 
Sec 1 T65N-R5W Memphis silt loam. 
PLATANACEAE 
Platawus occidentalis L. 
I 
Agrim01lii,a, gryposepala Wallr. 
F 
ROSACEAE 
Sec 15/22 T66N-R6W Grundy silt loam. 
Infrequent. 
Ag~ parfliflora Ait • 
.F 
Aruncus syfoester Kosteletzsky 
= A. A.run.cu.a (L.) Karst. 
FB 
Sec 9 T65N-R5W Lindley loam. 
Infrequent. 
Sec 23 T66N-R6W Genesee very fine sandy loam. 
Infrequent. 
Crataegus Crus-galli L. 
F 
S"ec 19 T65N-R5W 
Crataegus Margaretta Ashe. 
F 
Sec 8 T67N-R5W Marion silt loam. 
Crataegus mollis (T. & G.) Scheele. 
IF 
FragMia fJirgi'llliana Duchesne 
F 
Sec 20 T65N- R5W Wabash fine sandy loam. 
Gewm. canadense Jacq. 
= albwm J. F. Gmel. 
F 
Sec 14 T66N-R6W Genesee very fine sandy loam. 
Geum fJirginiawum L. 
F 
Sec 4 T68N- R3W Wabash silty clay loam. 
Frequent. 
Sec 3 T65N- R6W Wabash silt loam. 
Infrequent. 
:Mal11s ioensis (Wood) Britt. 
= Pyrns ioen.sis (Wood) Bailey 
F 
Sec 23 T68N-R5W Lindley loam. 
Frequent. 
Sec 30 T65N-R5W 
Abundnnt. 
Potentilla arguta Pursh. 
F 
Sec 36 T67N- R6W Lindley loam. 
Infrequent. 
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Potentilla oaooclens'8 L. 
FO 
See 29 T67N-R7W Marion silt loam. 
Potentilla monspelienris L. 
FW 
Sec 23 T66N-R6W Genesee very :fine sandy loam. 
Pru111US amerioana Marsh. 
F 
Sec 36 T66N-R6W Buckner silt loam. 
Pru1111s Per.rioa (L.) Stokes. 
I 
Pru1VU.<1 serotitna Ehrh. 
F 
Sec 2 T65N-R5W Lindley loam. 
Infrequent. 
Prwnw 11irgi?Wuia L. 
F 
Sec 13 T66N-R5W Genesee very :fine sandy loam. 
Bosa setigera MicID:. 
c 
Bosa 11irgi-niana Mill. 
F 
Sec 13 T66N-R6W Marion silt loam. 
Frequent. 
Sec 14 T67N-R5W Buckner :fine sand. 
Frequent. 
Bosa W oodsii Lindi. 
I 
B'Ubus BaileyOITIJ'US Britt. 
= B. 11illo81Js var. hwmtfUSU8 T. & G. 
I 
Bubm 11illosus Ait. 
FW 
Sec 36 T66N-R6W Buckner silt loam. 
Along railroad tracks. 
Styi,raea alba DuRoi. 
F 
Sec 19 T65N-R5W Wabash clay. 
Infrequent. 
A morpha oanescens Pursh. 
F 
LEGUMINOSAE 
Sec 17 T65N-R5W Marion silt loam. 
Frequent. 
Sec 28 T67N-R6W 
Found on a steep eroded slope. 
Amorpha frutioosa L. 
IB 
Amphioarpa Pitchert T. & G. 
F 
Sec 36 T66N-R6W Buckner :fine silt loam. 
Apios tuberosa Muench. 
F 
Sec 9 T65N-R5W Lindley loam. 
Infrequent in shady woods. 
Astragalus oaooclensi<I L. 
F 
Sec 14 T66N-R6W Marion silt loam. 
Astragalus di.stortm T. & G. 
F 
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Baptisi.a braoteata (Muhl.) Ell. 
F 
Sec 33 T68N-R4W Lindley loam. 
Baptisi.a leucant1UJ T. & G. 
F 
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Sec 15/22 14/23 T66N-R6W Putnam silt loam. 
Frequent. 
Sec 17 T65N-R5W Marion silt loam. 
Infrequent. 
Cassi.a Chamuleorista L. 
FWB 
See 32 T67N-R7W Memphis silt loam, 
Common along roadbanks. 
Cer°'8 oa111adensis L. 
FW 
Crotalaria sagittalis L. 
F 
Sec 15 T66N-R6W Putnam loam. 
Infrequent. 
DesmotUu.m braoteosu.m var. loogifoliu.m (T. & G.) Robinson 
F 
Sec 25 T66N-R4W Marion silt loam. 
Infrequent. 
Desmodiu.m OMLad.ense (L.) DC. 
FB 
Bee 11 T65N-R5W Grundy silt loam. 
Infrequent along railroad tracks. 
Desmodiu.m Dal~ Dari. 
c 
Desmodiu.m gra'lli/Aflonvm. (Walt.) DC. 
F 
Sec 13 T66N-R6W Marion silt loam. 
Infrequent. 
See 9 T65N-R5W Lindley loam. 
De81TIOdWm tlltnoensB Gray 
F 
Sec 14 T67N-R5W Buckner very fine sandy loam. 
Frequent. 
DesmodWmi. 'IWd\florum (L.) DC. 
F 
Bee 23 T68N-R5W Lindley loam. 
DeamodWm. pa1"cu.latu.m (L.) DC. 
c 
Gleditsi.a triaoantlws L. 
FW 
Sec 26 T66N-R5W Memphis loam. 
LespBdeza cap\tata Miehx. 
F 
Sec 24 T66N-R6W Marion silt loam. 
Infrequent. 
Leapedeza 1!i.o"facea (L.) Pers. 
F 
Sec 13 T66N-R6W Marion silt loam. 
Infrequent. 
Lespedeza 1!irgWca (L.) Britt. 
F 
Sec 20 T67N-R7W Union stony loam. 
Infrequent. 
Medioago lupul\na L. 
F 
Bee 36 T67N-R6W Lindley loam. 
Frequent along railroad. 
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Medioago sati11a L. 
FW 
Sec 14 T65N-R5W Genesee silt loam. 
Along roadsides. 
Melilotus alba Dear. 
FWO 
Sec 1 T66N-R6W Lindley loam. 
Naturalized from Europe. 
Petalostemwm purpwrewm (Vent.) Rydb. 
F 
Psoralea 0Mbrychis Nutt. 
F 
Boo 36 T68N-R4W Marion silt loam. 
Infrequent. 
Sec 1 T65N-R5W Genesee very :fine sandy loam. 
:R-Obmia Pst!'UM-Acacia L. 
F 
Native further south. 
Btrophoatyles hel11ola (L.) Britt. 
F 
Sec 32 T67N-R7W Memphis silt loam. 
Frequent. 
Sec 28 T67N-R6W Genesee silt loam. 
Frequent. Found on a steep eroded slope. 
Tephroria 11irgmia11a (L.) Pers. 
FB 
Sec 28 T67N-R5W Buckner 11.ne sand. 
Trifoli1vtn hybri<l11.m L. 
F 
Introduced from Europe. 
Tri.folium pratense L. 
FWO 
Sec 1 T66N-R6W Lindley loam. 
Infrequent along roadsides. 
Introduced from Europe. 
Trifoli1vtn reptmS L. 
FO 
Sec 2 T66N-R6W Lindley loam. 
Infrequent along roads. Doubtfully indigenous to America. 
OXALIDAOEAE 
Oxalis cymosa Small 
= oorniculata L. (Gray's Manual) 
F 
Sec 26 T66N-R5W Genesee silt loam. 
Infrequent. Nearly prostrate. 
Sec 14 T66N-R6W Genesee very 11.ne sandy loam. 
Oxalis atricta L. 
FOW 
Oxalis 11iolaoea L. 
OB 
Geranium oarolmiawwm L. 
F 
Geranium maculatwm L. 
FO 
Ptelea trif oliata L. 
WB 
GERANIAOEAE 
RUTAOEAE 
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Zantho:xylmn ameri001111111171 Mill. 
FW 
See 30 T69N-R3W Lindley loam. 
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Infrequent. Leaves have a lemon odor. 
See 1 T65N-R5W Memphis silt loam. 
Infrequent on north slopes to Mississippi River. 
Ailanthus glandulosa Deaf. 
I 
Introduced from Asia. 
Polygala sang'Uilnea L. 
CF 
SIMARUBACEAE 
POLYGALACEAE 
See 8 T65N-R5W Marion silt loam. 
Infrequent. 
See 23 T66N-R6W Genesee very fine sandy loam. 
See 33 T68N-R4W Memphis silt loam. 
Frequent. 
Polygala 'Verticillata L. 
F 
See 23 T66N-R6W G·enesee very fine sandy loam. 
Infrequent. 
Aoalypha 'Vih"ginica L. 
F 
EUPHORBIAOEAE 
See 36 T67N-R6W Lindley loam. 
Common on railroad traek ballast. 
Croton oapitatus Miehx. 
c 
Croton glandulo8'U8 L. 
F 
var. septentrionalis Muell. Arg. 
See 33 T67N-R5W Buckner fine sand. 
Infrequent. 
See 28 T66N-R5W Buckner fine sand. 
Frequent. 
Sec 10 T66N-R6W Putnam silt loam. 
Frequent. Said to make horses slobber. 
Croton monanthogynus Michx. 
c 
Euphorbia corollata L. 
FB 
See 11 T68N-R5W 
Common. 
See 32 T67N-R7W 
Frequent along railroads. 
Euphorbia Cyparissias L. 
c 
Euphorbia macidata L. 
FOB 
See 29 T67N-R7W Lindley loam. 
Infrequent. 
Euphorbia Peplus L. 
c 
Bhus canadensis Marsh. 
F 
Quite co=on. 
ANAOARDIACEAE 
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BhiM glabra L. 
F 
See 10 T68N-R4W Lindley loam. 
Co= on. 
Sec 29 T65N-R5W Wabash fine sandy loam. 
Sec 33 T'67N-R6W Putnam loam. 
Frequent along roads. 
Celastrus soandens L. 
F 
Sec 2 T66N-R6W Genesee very nne sandy loam. 
Infrequent. 
E11onym'!M atropwrpure'!M Jacq. 
WB 
Acer Neg'IJ!ltdo L. 
F 
ACERAOEAE 
Sec 32 T66N-R6W Wabash silt loam. 
Frequent. 
Acer nigrum Michx. 
= A. saccharum var. mgrum (Michx.) Britt. 
F 
Sec 33 T67N-R7W Memphis silt loam. 
Common. 
Acer saccharinum L. 
FW 
Sec 2 T66N-R6W Marion silt loam. 
Frequent on upland soils. 
Acer saccharum Marsh. 
w 
Staphylea trifolia L. 
WF 
Aesculus glabra Willd. 
F 
Aesculus glabra Willd. 
STAPHYLEACEAE 
SAPINDAOEAE 
var. arguta (Buckley) Robinson 
FW 
See 1 T65N-R5W Memphis silt loam. 
Infrequent in hickory maple woods. 
Impat4ens biflora Walt. 
F 
BALSAMINACEAE 
Sec 13 T66N-R5W Genesee very fine sandy loam. 
Impatiens pallida Nutt. 
FWB 
Sec 23 T66N-R6W Genesee very fine sandy loam. 
Common. 
Ceanothus amerioawu.s L. 
FWB 
RHAMNACEAE 
Sec 2 T66N-R6W Genesee very fine sandy loam. 
;fnfrequent. 
Sec 28 T67N-R6W Genesee silt loam. 
Frequent. 
Bhamnus lanceolata Pursh. 
F 
Sec 26 T67N-R7W Memphis loam. 
Infrequent. 
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Psedera quinquefolia (L.) Greene. 
c 
Vitis cordifolia Michx. 
F 
Rare 
Vitis labrusca L. 
w 
Cultivated. 
Vitia 11Ulpina L. 
F 
Tilia amerioana L. 
F 
Sec 32 T67N-R7W Lindley loam. 
Infrequent to frequent. 
Tilia europaea L. 
c 
Cultivated. 
Ab1itil01i Theophrasti. Medic. 
F 
VITACEAE 
TILIACEAE 
MALVACEAE 
Sec 20 T68N-R4W Grundy silt loam. 
A co=on cornfield and barnyard weed. 
Altliaea rosea Cav. 
F 
See 13 T65N-R5W Genesee silt loam. 
An -escape from cultivation. 
Introduced from China. 
Hibiscu.s militaris Cav. 
FB 
Sec 36 T63N-R3W Wabash clay. 
Infrequent. 
Mal1Ja rotwndifolia L. 
0 
Naturalized from Europe. 
Sida spinosa L. 
F 
Sec 10 T66N-R6W Marion silt loam. 
See 33 T68N-R3W Wabash clay. 
Infrequent. Naturalized from the tropics. 
Hypericum Ascyr01t L. 
F 
HYPERIOACEAE 
Sec 27 T67N-R7W Lindley loam. 
Very infrequent. A shrub with large yellow flowers. 
Hyperioum oi-stifolium Lam. 
F 
Sec 2 T66N-R6W Genesee very fine sandy loam. 
Infrequent. 
Hypericum ellipticum Hook. 
c 
Hypericum perforatwm L. 
FB 
Sec 15 T66N-R6W Putnam loam. 
Frequent. 
Sec 29 T65N-R5W Wabash sandy loam. 
Hyperic'l.llTTI prolificum L. 
FB 
See 26 T67N-R7W Memphis silt loam. 
Infrequent. 
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Hypericwm pwnctatwm Lam. 
F 
Sec 4 T66N-R7W Buckner very :fine sandy loam. 
Frequent along railroad tracks. 
Lechea tervuifolia Michx. 
F 
CISTACJEAE 
Sec 2 T66N-R6W Genesee very :fine sandy loam. 
3ec 28 T64N-R4W Lindley loam. 
Frequent. 
Viola palmata L. 
0 
Viola papilionacea Pursh. 
F 
Viola pedata L. 
OB 
Viola soabrimsC'Ula Schwein. 
= eriooarpa Schwein. 
FOB 
Viola striata Ait. 
VIOLACEAE 
THYMELAEACEAE 
Diroa palustriis L. 
C'Uphea petiolata (L.) Koehne. 
c 
Lythrum alatwm Pursh. 
FB 
LYTHRACEAE 
Sec 1 T65N-R5W Genesee very :fine sandy loam. 
Infrequent in wet ditches. 
Sec 2 T66N-R6W Genesee very :fine sandy loam. 
Circaea lutetiana L. 
FB 
Sec 33 T67N-R6W Putnam loam. 
Common in shady woods. 
Ludwigia polyoarpa Short & Peter. 
FB 
Sec 29 T67N-R7W Lindley loam. 
Infrequent along roads. 
Oenothera laciniata Hill. 
F 
Sec 29 T67N-R7W Lindley loam. 
ONAGRACJEAE 
Infrequent. Introduced from the western plains. 
Oenothera m1111'kata L. 
F 
Sec 28 T68N-R4W Genesee very :fine sandy loam. 
In.frequent. Found in a timothy :field. 
Oenothera rhombipetala Nutt. 
F 
Sec 32 T66N-R6W Buckner :fine sand. 
Anethum gr<Weoll!'M L. 
w 
UMBELLIFERAE 
Chaerophyllwm procwmbens (L.) Crantz. 
F 
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Ciouta macul.ata L. 
FB 
Sec 32 T67N-R6W Marion silt loam. 
Infrequent. 
Sec 2 T65N-R5W Lindley loam . 
.Along a roadside. 
Cryptotae.nia oa111.ade'Mi8 (L.) DC. 
FC 
Sec 29 T65N-R5W Wabash fine sandy loam. 
Infrequent in shady woods. 
Da'IJCUS Carota L. 
F 
Sec 36 T68N-R6W Putnam loam. 
Infrequent on upland soils. 
Sec 2 T65N-R5W Lindley loam. 
Naturalized from Europe. 
Eryngi-um y'!Wcifoli-um Michx. 
F 
Sec 36 T67N-R6W Lindley loam. 
Infrequent. 
Osm<>frhiza 'fnngistyUs (Torr.) DC. 
FO 
Sec 29 T65N-R5W Wabash fine sandy loam. 
Frequent in shady woods. 
Osmorhtza Cl.aytont (Michx.) Clarke. 
w 
Pastinaoa satwa L. 
FW 
Sec 1 T65N-R5W Genesee very fine sandy loam. 
Common along railroad banks. 
Sec. 28 T68N-R4W Grundy silt loam. 
Naturalized from Europe. 
Sanicul.a oa'lladensis L. 
FW 
Sec 13 T65N-R6W 
In shady woods. 
1'aeni.dia integerrima (L.) Drude. 
F 
Thaspilutm barbiMcle (Michx.) Nutt. 
F 
Sec 23 T68N-R5W Lindley loam. 
Zizia aurea (L.) Koch. 
F 
Sec 9 T65N- R5W Lindley loam. 
Infrequent. 
Sec 32 T67N-R6W Marion silt loam. 
Camus alternifolia L.f. 
I 
C0'1'11JU8 A mowum Mill. 
IC 
Camus asperifolia Michx. 
FW 
CORNACEAE 
Sec 14 T65N-R5W 
In shady woods. 
Sec 25 T66N-R4W Marion silt loam. 
Frequent. 
Cor'lllUB oircinata L'H6r. 
I 
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Corwus panicul.ata L 'H~r. 
FB 
See 28/33 T67N-R6W Putnam loam. 
Fairly common. 
..4. ooga.Uis arvensis L. 
c 
..4.ndrosace ocoidentalis Pursh. 
F 
Steironema oi.liatwm (L.) Raf. 
F 
See 9 T65N-R5W Lindley loam. 
Infrequent in shady woods. 
PRIMULACEAE 
See 29 T67N-R7W Union stony loam. 
Infrequent. 
See 23 '1'66N-R6W Genesee very fine sandy loam. 
Infrequent. 
Steironema 1.anceolatum (Walt.) Gray. 
F 
See 4 T68N-R3W Wabash silty clay loam. 
Frequent. 
OLEA.CEAE 
Fraa:i'llllJ.8 americana L. 
F 
= F. pennsylvanica var. 1.anceol.ata (Borkh.) Sarg. 
See 36 T66N-R6W Buckner silt loam. 
Fr~ 1.anceol.ata Bork. 
F 
See 14 T66N-R6W Genesee very fine sandy loam. 
Infrequent. 
Fraxinus nigra Marsh. 
I 
Fraxiwus pennsylvanica Marsh. 
F 
See 32 T67N-R5W Buckner fine sandy loam. 
A small tree. 
See 29 T65N-R5W Wabash fine sandy loam. 
Infrequent to rare. 
Syringa wlgaris L. 
w 
Cultivated. 
GENTIANAOEA.E 
Sabbati,a oampestris Nutt. 
F 
See 33 T68N-R4W Lindley loam. 
Very rare. 
..4.pocyni11n canoobin111m L. 
F 
See 22 T68N- R3W Waoaeh clay. 
Growing in water . 
..4.pocynum mediwm Greene. 
F 
APOCYNACEAE 
See 26 T68N-R4W Marion silt loam. 
Infrequent. 
ASCLEPIADACEA.E 
..4.cerates floriilana (Lam.) Hitehe. 
FO 
See 15/22 T66N- R6W Buckner silt loam. 
See 19 T65N-R5W Putnam loam. 
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Asclepias amplexicaulis Sm. 
F 
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Sec 33 T67N-R5W Buckner fine sand. 
Infrequent. 
Asclepias incarnata L. 
FB 
Sec 2 T66N-R6W Genesee very :fine sandy loam. 
Infrequent. 
Sec 4 T68N-R3W Wabash silty clay loam. 
Infrequent. 
Asclepias purpurasoens L. 
FWB 
Asclepias q1w.drifoUa Jacq. 
FOB 
Asclepias syriaca L. 
F 
Sec 20 T68N-R4W Grundy silt loam. 
Common. 
Asclepias tuberosa L. 
FWB 
See 19 T65N-R5W Wabash clay. 
Infrequent. 
Asolepias 1Jerticillata L. 
F 
Sec 36 T66N-R6W Marion silt loam. 
Infrequent. 
G<niolobus lae1!'8 Michx. 
c 
Con1!ol1Julus ar1!en.ris L. 
FW 
CONVOLVULACEAE 
Sec 13 T66N-R5W Genesee very fine sandy loam. 
Frequent along roads and fences. 
Naturalized from Europe. 
Con11ol1Julus sepi1im L. 
FW 
Sec 17 T65N-R5W Marion silt loam. 
Fairly common. 
Cuscuta glomerata Chois. 
c 
Ipornoea coccmea L. 
c 
Ipomoea hederacea Jacq. 
F 
Sec 26 T67N-R6W Grundy silt loam. 
Infrequent. Introduced from tropical America. 
Ipomoea pandurata (L.) G.F.W. Mey. 
F 
Sec 28 T64N-R4W Lindley loam. 
Frequent. 
Phlox di-varicata L. 
FOB 
Phlox paniculata L. 
0 
Phlox mal>Ulata L. 
0 
Polemonium reptcvns L. 
FOB 
Sec 14 T66N-R4W 
POLEMONIACEAE 
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HYDROPHYLLAOEAE 
Elli.Bia Nyctelca L. 
OWFB 
Hydrophyllwm appendioulatwm Miehx. 
wco 
Hydrophyllum 1!irgimanum L. 
FOB 
BORAGINAOEAE 
Cynoglosswm off$eiMle L. 
FO 
See 26 T66N-R5W Lindley loam. 
Rare in this soil. 
See 20 T65N-R5W Wabash fine sandy loam. 
Infrequent. Naturalized from Europe. 
Echimn 1!ulgare L. 
c 
Lapp'Ula 1!irgmiana (L.) Greene. 
F 
See 24 T67N-R4W Lindley loam. 
Infrequent. 
Lithospermwm GmeUni (Miehx.) Hitehe. 
0 
Mertensia 1!irgiinioa (L.) D.C. 
0 
Myosoti8 1!irgtnka (L.) B.S.P. 
VERBENACEAE 
Lippia lanoeolata Michx. 
F 
See 4 T68N-R3W Wabash silty clay loam. 
Common in wet places. 
See 1 T65N-R5W Genesee very fine sandy loam. 
Frequent in wet soils. 
Verbena bracteosa Miehx. 
FW 
See 36 T65N-R6W Lindley loam. 
Common on railroad ballast. 
Verbe·M stricta Vent. 
FW 
See 6 T68N-R3W Buckner very fine sandy loam. 
Pink :flowers. Rather rare. 
See 29 T67N-R5W Buckner very fine sandy loam. 
White :flowers. Very rare. 
Bee 14 T66N-R6W Genesee very fine sandy loam. 
Blue :flowers. Common in overgra:r.ed pastures. 
V Mbena urtioifolia L. 
FB 
See 33 T67N-R6W Lindley loam. 
Infrequent at this date (July 14, 1931). 
See 28 T68N-R4W Lindley loam. 
Frequent at this date (July 21, 1931). 
.Agastache n,epetoides (L.) Kitze. 
c 
Bl.ephilia cilia ta (L.) Raf. 
WB 
Blephilia hi-rsuta (Pursh.) Benth. 
FB 
LABIATAE 
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H ei/,e<J'IYW, hispida. Pursh. 
F 
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Sec 28 T64N-R4W Memphis silt loam. 
On dry hills tmder shade. 
Sec 36 T66N-R6W Buckner silt loam. 
Heileoma puleotoides (L.) Pers. 
F 
Lami-um ample!riOIJIUle L. 
CF 
LeCYlllUT'US Cardiaca L. 
FW 
Sec 3 T65N--R6W Wabash silt loam. 
Naturalized from Europe. 
Lycopi1s americawu.s Muhl. 
FC 
Sec 30 T68N-R3W Buckner silt loam. 
Infrequent. 
Lyco'P'US 1!trginicus L. 
CB 
Marrubilivm 1!Ulgare L . 
F 
Sec 19 T65N-R5W Putnam loam. 
Naturalized from Europe. 
Mcmarda. didyma L. 
w 
MOMrda mollis L. 
FW 
Sec 2 T66N-R6W Genesee very fine sandy loam. 
On dry hills. 
Monard.a punotata L. 
F 
N epeta Catari.a L. 
FW 
Sec 2 T66N-R6W Genesee very fine sandy loam. 
Infrequent. 
Sec 4 T66N-R5W Buckner fine sand. 
:E'requent. Naturalized from Europe. 
N epeta llederacea (L.) Trevisan 
oc 
Prunella 1!ulgaris L. 
FB 
Pycantllemum flexuosum (Walt.) B.S.P. 
F 
'Efec 2 T66N-R6W Marion silt loam. 
Frequent. 
Pycnanthemum pilosum Nutt. 
FB 
Sec 28 T68N-R4W Memphis silt loam. 
Frequent. 
Scutellaria lateriflora L . 
F 
Sec 30 T68N-R3W Buckner silt loam. 
Infrequent. 
Scutellari.a partnda Michx. 
F 
Sec 13 T66N-R6W Marion silt loam. 
Infrequent. An annual. 
Scutellaria 1!ersicolor Nutt. 
FW 
Sec 1 T65N- R5W Memphis loam. 
Frequent under maple-hickory shade. 
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Stachys palustris L. 
F 
Sec 4 T68N-R3W Wabash silty clay loam. 
Frequent. 
Stachys terllllAf olia Willd. 
F 
Sec 30 T68N-R3W Buckner silt loam. 
Frequent. 
Teucrium 001naaense L. 
FB 
Sec 2 . T66N-R6W Lindley loam. 
Frequent in damp ground. 
Datura StramQ'/WWm L. 
F 
BOLANAOEAE 
Sec 14 T68N-R3W Wabash loam. 
Infrequent. Naturalized from Asia. 
Physalis heterophylla Nees. 
FW 
Sec 33 T67N-R7W Marion silt loam. 
Infrequent. 
Physalis laMeolata Michx. 
F 
Sec 2 T66N-R6W Marion silt loam. 
Rare. 
Physalis longtfolia Nutt. 
F 
See 28 T64N-R4W Lindley loam. 
Infrequent. 
Sola71!W1n oarolinense L. 
FW 
Sec 29 T65N-R5W Wabash fine sandy loam. 
Sec 28 T67N-R5W Buckner fine sand. 
Naturalized from t1i.e south. 
Solanum Duloamara L. 
FB 
Introduced from Europe. 
Sola71!W1n nigrum L. 
FB 
Sec 28 T67N-R5W Buckner fine sand. 
Frequent. 
Sola71!W1n rostratwm Dunal. 
F 
Sec 26 T67N-R7W. Putnam loam. 
Infrequent. Found in a barnyard. 
Adventive from the western plains. 
SCROPHULARIAOEAE 
.Agalmi,s terllllAfolia (Vahl.) Raf. 
FB 
= Gurardia of Gray's Manual. 
CasWleja oocoinea (L.) Spreng. 
oc 
Dasystoma grandiflora (Benth.) Wood. 
= Gerardia grand,iflora Benth. 
F 
Sec 20 T67N-R7W Union stony loam. 
Infrequent. 
Gratiola negleota Torr. 
= '!Mgimana L. in part 
F 
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Lin.aria v'!Ugaris Hill. 
FW 
Naturalized from Europe. 
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Otophylla a'Ull"iculata (Michx.) Small. 
= Gerardia of Gray's Manual. 
F 
Sec 2 T66N-R6W Lindley loam. 
Infrequent. 
Pentstemon Digitalis (Sweet) Nutt. 
= P. laevigatus var. Digitalis (Sweet) Gray 
F 
See 33 T68N-R4W Memphis silt loam . 
.Frequent. 
Pentstemon hirsutus (L.) Willd. 
= P. pubesoens Ait. 
OCB 
Scrophular.ia lanoeolata Pursh. 
= S. leporella Bicknell. 
F 
See 33 T67N-R5W Buckner fine sandy loam. 
Infrequent. 
Verba.scum BlattMia L. 
FB 
Sec 1 T65N-R5W Memphis silt loam. 
Infrequent in shady woods. 
Introduced from Europe. 
Verbascum Thapsus L. 
FWB 
Sec 2 T66N-R6W Lindley loam. 
In.frequent along roads. 
Sec 22 T67N-R5W Buckner loam . 
.Frequent. Naturalized from Europe. 
V ero'lllica arvensis L. 
c 
Vero114ca peregrina L. 
F 
Veromca serpymfolia L. 
c 
V eromca 11irgi'lllica L. 
F 
See 24 T68N-R4W Lindley loam. 
Frequent. 
Sec 2 T66N-R6W Marion silt loam. 
Infrequent. 
OROBANCHACEAE 
Orobanche uniflora L. 
c 
Tecoma radicans DC. 
FB 
Sec 2 T66N-R6W Lindley loam. 
An escape from cultivation. 
Catalpa speciosa Warder. 
F 
Sec 2 T65N-R5W Lindley loam. 
Frequent. 
Martyma lou.i.riana Mill. 
c 
BIGNONIACEAE 
MA.RTYNIACEAE 
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ACANTHACEAE 
Dianthera amerioana L. 
F 
Ruellia oili-Osa Pursh. 
F 
See 20 T65N-R5W Putnam loam. 
Common along roads. 
PHRYMACEAE 
Phryma Leptostachya L. 
F 
PLANTAGINACEAE 
Plantago aristata Miehx. 
FW 
Plantago lanoeolata L. 
FW 
Naturalized from Europe. 
Plolntago major L. 
w 
Plantago Purshii R. & S. 
c 
Plantago Rugelii Dene. 
F 
See 23 T66N-R6W Genesee very 1ine sandy loam. 
See 24 T68N-R7W Lindley loam. 
Common. 
Plantago virgimca L. 
F 
Cephalanthus ocCYidentalis L. 
FB 
Galium Aparine L. 
F 
Gaiium conoinnum T. & G. 
FW 
Galium triflorum Miehx. 
FW 
RUBIACEAE 
See 28 T68N-R4W Memphis silt loam. 
Frequent in damp woods. 
Lonicera dioioa L. 
0 
Sambucus oanadensis L. 
FW 
OAPRIFOLIACEAE 
Symphorioarpos orbiculatus Muench. 
w 
Symphorioarpos racemosus Michx. 
F 
Native further north and east. 
Triosteum aurantiacum Bicknell. 
F 
Viburnum Lentago L. 
F 
See 2 T66N-R6W Genesee very 1ine sandy loam. 
Infrequent. 
Viburnum prunifoliuan L. 
F 
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CAMPANULACEAE 
Campanula americana L. 
FWB 
Sec 2 T66N-R6W Lindley loam. 
Frequent. 
Sec 14 T66N-R6W Genesee very fine sandy loam. 
Sec 13 T66N-R5W Genesee very fine sandy loam. 
Speou.laria perfoliata (L.) A. DC. 
FW 
Lobelia cardinalis L. 
c 
Lobelia inflata L. 
FOB 
Sec 29 T68N-R4W 
Infrequent. 
Lobelia spioata Lam. 
w 
L-Obelia syphilitioa L. 
FB 
Aohillea la11111losa Nutt. 
F 
COMPOSITAE 
Native from Saskatchewan to New Mexico and westward. 
Aohillea MillefoWU!m L. 
F 
Adventive from Europe. 
Ambrosia psiiostaohya DC. 
c 
Ambrosia trifi<l,a L. 
FB 
Very common along roads. 
Antennaria negleota G1·eene. 
F 
Sec 30 T69N-R3W Lindley loam. 
Infrequent. 
Antennaria plantaginifolia (L.) Richards. 
F 
A nthemis Cotula L. 
FCW 
Sec 19 T65N- R5W Putnam loam. 
Very common. Naturalized from Europe. 
A rotiiwm mi'l'llll-8 Bernh. 
F 
Sec 8 T67N-R5W Marion silt loam. 
Frequent. Naturalized from Europe. 
Artemisia annua L. 
c 
Aster aziireus Lindl. 
c 
Aster oordifoliil-8 L. 
c 
Aster DrummonaM Lindi. 
c 
Aster eriooid.es L. 
FC 
Aster laevis L. 
FCB 
Sec 21 T67N- R7W Lindley loam. 
Infrequent. 
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.Aster lateriflorus (L.) Britt. 
c 
.Aster lateriflorus (L.) Britt. 
var. bifrons (Gray) Fernald. 
c 
.Aster multiflorus Ait. 
FB 
Frequent . 
.Aster sagittifoli!us Wedemeyer. 
w 
.Aster salici-foWu,s Ait. 
c 
.Aster serioeus Vent. 
0 
.Aster Shortii Lindi. 
CB 
.Aster tewwifolius L. 
c 
.Aster Tradesoanti L. 
F 
Sec 13 T65N-R5W Genesee very fine sandy loam. 
Bi<lens bipinnata L. 
F 
Sec 33 T67N-R5W Buckner fine sand. 
Infrequent. First specimen from Iowa to the I.S.C. Herbarium. 
Btdens fr<Yfl{J,osa L. 
c 
Bidens mvolucrata (Nutt.) Britt. 
F 
Sec 36 T67N-R6W Grundy silt loam. 
Very co=on. A bad fall weed. 
Brauneria pallida (Nutt.) Britt. 
FW 
Sec 36 T67N-R6W Lindley loam. 
Infrequent. 
Centawrea Cyanus L. 
w 
Introduced from Europe. 
Chrysanthemum Leooanthemum L. 
F 
Sec 26 T67N-R6W Grundy silt loam. 
Infrequent. Naturalized from Europe. 
Chrysanthemum Parthenitwm (L.) Bernh. 
w 
Cirsiwm altissimum (L.) Spreng. 
c 
Cirsiwm discolor (Muhl.) Spreng. 
F 
Very co=on. 
Cirsium un&i.aatum (Nutt.) Spreng. 
F 
Sec 21 T67N-R5W Buckner fine sand. 
Along railroad. Fairly co=on. 
Coreopsis palmata Nutt. 
FW 
Sec 29 T65N-R5W Wabash fine sandy loam. 
Only one specimen found at this date (.June 15, 1932). 
Coreopsis tripteris L. 
c 
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Erechtites hieracifoU,a (L.) Raf. 
c 
Erigeron amnwus (L.) Pers. 
w 
Erigeron com.ade'l!S'is L. 
c 
Erigeron ramosus (Walt.) BSP. 
F 
Eupat01'itwm altissiwum L. 
F 
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Sec 11 T66N-R6W Genesee very fine sandy loam. 
Fairly co=on on creek banks. 
Eupatorium purpureum L. 
F 
Eupatorium serotinum Michx. 
F 
See 20 T65N-R5W Wabash fine sandy loam. 
Infrequent. 
Eupatorium urticaefolium Reichard. 
F 
Frequent. 
Gnaphalium purpwrewm L. 
F 
Sec 27 T67N-R7W Genesee silt loam. 
Infrequent. A low annual. 
H elenium autumnale L. 
FB 
Sec 11 T66N-R6W Genesee very fine sandy loam. 
Frequent. 
H elianthus a1111W1US L. 
F 
Sec 33 T68N-R3W Wabash clay. 
Co=on. 
H elianthus doronicoides Lam. 
0 
Helianthus petwlaris Nutt. 
F 
Sec 27 T67N-R5W Buckner loam. 
Native of the western plains. 
Probably introduced in Iowa. 
Helianthus scaberrimus Ell. 
w 
Helianthus strwmosus L. 
F 
Sec 25 T68N-R4W Lindley loam. 
Frequent. 
Sec 28 T68N-R4W Genesee very fine sandy loam. 
Frequent. 
Heliopsis helianthoides (L.) Sweet. 
F 
Sec 4 T66N- R7W Buckner very fine sandy loam. 
Krigia amiplexicaulis Nutt. 
(Cynthli.a 'llilrginica (L.) D. Don.) 
F 
Sec 9 T65N-R5W Lindley loam. 
Rare. 
Kuhnia e-tipatorioides L. 
F 
Sec 28 T67N-R5W Buckner fine sand. 
Infrequent. 
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Lactuoa oanadensis L. 
FC 
Sec 4 T66N-R7W Buckner very :fine sandy loam. 
Sec 20 T68N-R4W Grundy silt loam. 
Co= on. 
Sec Z T65N-R5W Lindley loam. 
Lactuoa fl<>ridarw, (L.) Gaertn. 
c 
Lactuoa soari.-Ola L. 
F 
Sec 4 T66N-R7W Buckner very :fine sandy loam. 
Very common. Naturalized from Europe. 
Lactuca 11illosa Jacq. 
F 
Blue :flowers. 
Lepachys pinoota (Vent.) T. & G. 
OF 
LepUlon canadense (L.) Britt. 
= Erigeron oaoodensis L. 
F 
Sec 8 T65N-R5W Marion silt loam. 
Infrequent. 
Leptilon di1Jalrioatus Michx. 
F 
Sec 27 T67N-R7W Genesee silt loam. 
Frequent in low ground. 
Sec 14 'T67N-R5W Buckner very :fine sandy loam. 
Frequent in bottomland soils. 
Liatris cylm.dracea Michx. 
c 
Liatris pycnostachya Michx. 
FB 
Sec 24 T66N-R6W Marion silt loam. 
Liatris scari.-Osa Willd. 
FB 
Frequent on upland soils. 
Parthenium integrifolium L. 
FWB 
Sec 36 T66N-R6W Marion silt loam. 
Infrequent. 
Sec 8 T65N-R5W Marion silt loam. 
Frequent on upland soils. 
Polymma oanadensis L. 
w 
Prenanthes alba L. 
F 
Infrequent. 
Prenanthes aspera Michx. 
c 
Rudbeclcia hirta L. 
FWB 
Sec 29 T65N-R5W Wabash :fine sandy loam. 
Only one specimen at this date (June 25, 1932). 
Sec 17 T65N-R5W Putnam loam. 
Frequent. 
Rudbeclcia .mbtomentosa Pursh. 
c 
Rudbeckia triloba L. 
FB 
Sec 26 T66N-R5W Genesee silt loam. 
Infrequent. 
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Silphium ffitegrifolium Michx. 
F 
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Bee 6 T66N-R6W Genesee very fine sandy loam. 
Frequent. 
SilplWum lacMlii.atwm L. 
FB 
Sec 1 T66N-R6W Putnam loam. 
Infrequent. 
Silphium perfoliatwm L. 
FB 
Bee 36 T66N-R6W Marion silt loam. 
Infrequent to common. 
Solidago ca'lladen.si.~ L. 
c 
Sol\dago latifolia L. 
c 
Soliilago rigidiusoola Porter. 
= S. speui.osa var. angustata T. & G. 
F 
SoHdago seroUna Ait. 
F 
Frequent. 
Solidago speciosa Nutt. 
CB 
Solidago tenwifolia Pursh. 
CB 
Sonchus oleraoeus L. 
WC 
Tanaoetwm ~ulgare L. 
F 
Sec 20 T65N-R5W Wabash fine sandy loam. 
A frequent escape along fences. 
Tarazaowm erythrospermwm Andrz. 
F 
Taraxaoom officilnale Weber. 
w 
Vernonia altissima Nutt. 
Sec 20 T68N-R3W Wabash loam. 
DISCUSSION OF THE SURVEY 
Herbaceous Plaints 
This survey showed that 0£ the 648 species !mown to occur in Lee 
County, 550 0£ them were herbaceous plants. 0£ this number, 337 species 
belonged to the ten most common families as follows: 64 grasses ( Gra-
mineae), 58 composites ( C.ompositae), 44 sedges and rushes ( Cyperaceae 
and Juncaceae), 35 species in the pea family (Leguminosae), 23 species in 
the rose family (Rosaceae), 21 mints (Labiatae), 18 buckwheats (Poly-
gonaceae), 16 buttercups (Ranunculaceae), 16 mustards (Cruciferae), 15 
species in the lily family ( Liliaceae), 13 in the carrot family ( U mbelli-
f erae), and the same number in the figwort family (Scrophulariaceae). 
In the grass family there was a wide variety 0£ species scattered 
through 35 genera. Some 0£ the more common ones were Alopecurus along 
roadsides, Cenchrus in sandy fields and railroad ballast, Digitaria often a 
pest in cornfields, Elymus species along roads, Hystrix in dense shady 
woods, Panicum species in uplands and bottomlands, Poa species in pastures 
where the shade was moderate, and Setaria along the edges of fields and 
roads. Some 0£ the genera, which were rare were Aristida and Bouteloua 
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in the Mississippi bottom northeast of Fort Madison, Calamagrostis on the 
upland soils, Danthonia along the top of the Des Moines bluffs, Diarrhena 
in the hilly sections near Argyle, and Triplasis in the sandy soils between 
Montrose and Fort Madison. 
Some of the most abundant genera of the composite family (Com-
positae) were Achillea in the hilly sections, Ambrosia along roads and creeks 
and in wet bottomlands, Anthemis which is abundant in the hill sections 
June 15 to August 1, and Bidens, a troublesome and abundant weed in 
September, in upland and hill sections. Erigeron is another genus which 
was abundant in June and July. Lactuca species were common along rail-
road tracks and Silphium was common in the bottomlands. Vernonia was 
a common summer pasture weed. The uncommon genera were Brauneria, 
Chrysanthemum, Gnaphalium and Krigia. 
The most abundant sedges ( Cyperaceae) in uplands, hills and bottom-
lands, were species of Carex although Eleocharis was probably the most 
common genus in wet or swampy bottomlands. Scirpus species were com-
monly found in wet roadside ditches in the hill and upland sections. Some 
of the rarest sedges were Carex Asa-Grayi in the undrained bottom north-
east of Fort Madison and Scirpus americanus along a railroad track near 
New Boston. 
Trees and Shrubs 
The available data show that 97 species of trees and shrubs occur in 
Lee County of which 56 are trees and 41 shrubs; 68 species were collected 
by this survey, 18 by Professor H. E. Jaques, and 20 by other collectors. 
One tree and one shrub new to Iowa were found in this survey, as 
follows: 
1. An oak hybrid ( Quercus marilandica x Quercus velutina = Que1·-
cus Bush ii Sarg.) 
2. Black Haw (Viburnum prunifolium L.) 
The oak hybrid was found only once in a grove of Black Jack Oak near 
Summit School and the Black Haw was found along the Mississippi bluffs, 
south of Montrose, on a shady, damp, east exposure. 
Five other species and one variety which are particularly character-
istic of Lee County and southeastern Iowa were found. The one species 
particularly adapted to Lee County was the Papaw which was found ex-
clusively and in abundance along the warm, damp Mississippi bluffs above 
Keokuk. It is found mostly further south and east, in Illinois, etc. The 
Ohio Buckeye (Aesculus glabra L.) and its variety (A. glabra var. arguta) 
were found along the bluffs below Montrose. Both of these are found native 
in the extreme southern counties although there is one station of the species 
as far north as Boone county. The Hop Tree or Wafer Ash (Ptelea tri-
foli,ata L.) occurred mostly in sandy bottoms along the Des Moines. It is 
further distributed in Iowa along the Mississippi to Scott County and 
west to Wapello although there is one specimen from Cass county in the 
Iowa State College Herbarium. The Red Bud (Cercis canadensis L.) was 
found growing vigorously along the Des Moines River. It is native from 
Lee county to Muscatine and as far west as Mills county. In Illinois it is 
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well distributed except in the northwest corner of the state. The Overcup 
Oak ( Quercus ltyrata) has been recorded by Dr. L. H. Pammel from a single 
station north of Keokuk. Otherwise it is known only in Appanoose county. 
In Illinois it has only been found in the southern quarter of the state. There 
are many other species of trees and shrubs in Lee county but they are either 
widely distributed in Iowa or not particularly abundant. 
Plant Indicators 
From an examination of the field notes and from field experience, it 
seems that the plants of Lee County are either sub-specific or quite general 
in their local soil requirements. Many of the plants of sandy, sandy loam, 
and clay soils were found to be relatively specific while most of the species 
on silt loam, and loam soils were very general in their requirements. 
It was found that Cenchrus pauciflorus, Cyclolorna atriplicifolium, 
Polanisia trachysperrna, Sporobolus cryptandrus, Cyperus esculentus, and 
Cyperus Schweinitzii were good indicators of sandy areas. 
Typha latifolia, Eleocharis acicularis, Eleocharis palustris, Hibiscus 
militaris, Carex lupulina and Anemon.e c,amadensis were particularly charac-
teristic of the clay soils northeast of Fort Madison. Phytolacca decandra 
is a very large shrub-like herb that was found only once along the Missis-
sippi in this area. 
The largest number of species found on any one soil type was 120 on 
the silt loam soils. Abittilon '1.'heophrasti, Bidens involucrata, Cassia 
Charnaecrista, Leptilon canadense, Panicum capillare, Scirpus atrovirens 
and Ulmus americana seemed to be the best indicators. 
The number of species on the loam soils was practically the same as 
on the silt loam types ( 117 species). The most common species were 
Baptisia bracteata, Carex vulpinoidea, Daucus Carota, Digitaria sanguinalis, 
Elymus robustus, Hibiscus Trionum, Malus ioensis, Prunus serotina, Quer-
cus alba and Rhus glabra. 
The commonest species of the flora on the sandy loams in the bottom-
lands were such species as Agropyron repens, Arnaranthus blitoides, Cyperus 
filiculmis, Eragrostis hypnoides, Leptilon divaricatum, Monarda mollis, 
Polanisia trachysperrna, and Verbena stricta. 
The flora of the stony loam soils near Croton and northeast of Den-
mark was very limited but distinctive. Dasystoma grandiflora and Steiro-
nema ciliat-um were the most characteristic species. 
The higher yearly average temperature and precipitation as compared 
to the rest of Iowa6 was reflected in the flora by the presence of such species 
as Allium mutabile, Commelina virginica, Elymus glabriflorus. Gnaphalium 
purpureum, X Quercus Bushii, and Viburnum prunifolium which have not 
been found in Iowa before as far as known. Two of these, Allium mutabile, 
and Gnaphalium purpureum are at the northern limits of their ranges in 
Lee County, while the other five species are well within their ranges and 
will probably be found later at other stations in the state. 
The Papaw (Asimina triloba) is another species which, although found 
in Des Moines and Fremont counties, is particularly adapted to the local 
s There were no available data on soil moisture in Lee County, but from United States 
Weather Bureau records (data :from July 15, 1871, to December 31, 1908) it was found 
that the annual mean precipitation at Keokuk was 35.1 inches as compared to 32.4 at 
Des Moines. The mean annual tempernture was 3°F. higher and the minimum January 
temperatures l0°F. higher at Keokuk. 
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conditions along the Mississippi bluffs above Keokuk where the precipitation 
and temperature are very similar to those further south and east. 
SUMMARY 
1. A systematic list of the 645 known species of flowering plants of 
Lee County, Iowa, was made of which 456 species were collected and iden-
tified by this survey; 92 species by the late Dr. Ehringer of Keokuk, Iowa, 
whose specimens are now in the Carthage College Herbarium, Carthage, 
Illinois; 87 species by Professor H. E . Jaques, Iowa Wesleyan, Mt. Pleasant, 
Iowa; 87 species by Mrs. Kate 0 'Bleanus of Lee County, Iowa; and 17 
species by various collectors whose plants were in the Iowa State College 
Herbarium prior to June 15, 1931. 
2. It was found that 333 species of the 645 were contained in the ten 
largest families as follows: Gramineae 63, Compositae 58, Cyperaceae and 
Juncaceae 44, Leguminosae 35, Rosacooe 23, Labiateae 21, Polygonaceae 19, 
Raniinculaceae 15, Cruciferae 16, Lilwceae 15, Umbelliferae 13, and Scro-
phulariaceae 13. 
2. A total of 97 species of trees and shrubs were recorded. 
4. One tree X Quercus Bushii, and one shrub, Viburnum prunifolium, 
were recorded the first time for Iowa. These two species and Asimina tri-
loba, Aesculus glabra, Aesculus glabra var. arguta, Petelea trifoliata, Cercis 
canadensis, and Quercus lyrata were found to be the most distinctive species 
of Lee county and southeastern Iowa. 
5. An unusual number of Quercus species was found which were as 
follows: Quercus alba, Quercus bicolor, Quercus imbricaria, Quercus macro-
OOJrpa, Quercus mmrilandica, Quercus maxima, Quercus Muhlenbergii, Quer-
cus palustris, Quercus rubra, Quercus stellata, Quercus velutina, and X 
Querws Bushii ( Quercus velidina x marilandica). 
6. Practically all the plants collected by this survey were listed ac-
cording to the soil type on which they occurred. From this list and field 
experience it was found that the flora on sandy and clay soils was made 
up of a much smaller number of species than the loam, silt loam or sandy 
loam soils, but was more definitely characteristic. 
7. The most characteristic species of sand soil were found to be Cen-
chrus pauciflorus, Cycloloma atriplicif olium, Polanisia trachysperma, 
Sporobolit.s cryptandrus and Cyperus escv.lentus; those of cl,a,y soils were 
Typha latifolia, Eloocharis palustris, Efoocharis a.cicularis, Hibiscus mili-
taris, Oarex lupulina and Anemone canadensis; those of silt loams were 
Abutilon Theophrasti, Bidens involucrata, Cassia Chamaecrista, Leptilon 
canadensis, Panicum capillare, Scirpus atrovirens and Ulmus americana; 
those of loam soils were Baptisia bracteata, Cai·ex vitlpinoidoo, Daucus 
Carota, Digitaria sanguinalis, Elymus robustus, Hibiscus Trionum and 
Querciis alba; those on sandy loams were Agropyron repens, Amaranthus 
blitoides, Oyperus filiculmis, Eragrostis hypnoides, Leptilon divaricatum, 
and Polanisia trachysperma; and those on stony loams were Dasystoma 
grandiflora and Steironema ciliatum. 
9. The more favorable temperature and precipitation conditions of 
the county as compared to the rest of Iowa are reflected in the flora by 
the presence of such species as Allium mutabile, Oommelina virginica, Ely-
mus glabriflorus, Gnaphalium purpureum, X Quercus Bushii. Viburnum 
prunifolium, and Asimina friloba which, with the exception of the last, 
probably occur in Iowa exclusively in Lee County. 
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The corn plant has been more completely analyzed genetically than 
any other plant species. Through the individual and co-operative efforts 
of geneticists working with maize, approximately 300 genes have been 
studied and ten linkage groups have been established. The R-g1 group 
gets its designation from the fact that R, a factor for aleurone color, and 
g1 , a factor causing golden plants, were the first genes found to be in this 
group. 
In 1930 Dr. R. A. Emerson and his associates at Cornell University 
compiled all the linkage data available on maize and distributed a mimeo-
graphed report showing the linkage groups as they had been built up to 
that time. At that time the R-g1 group contained 14 genes, some of which 
had been definitely located on the chromosome. 
The present paper presents linkage data on the R-g1 chromosome 
collected by the authors since the report of Emerson and his associates 
in 1930. 
SUMMARY OF DATA 
Table 1 presents a summary of the data on all characters studied and 
indicates whether the linkages are in the coupling or repulsion phase. Fol-
lowing the table there is a list of the gene symbols used together with the 
characters of the plant or seed affected by these genes. 
All the data in table 1 are from F 2 progenies. All seedling counts 
were made in the greenhouse including golden plants. Wherever gm2 is 
involved the percentages of recombination were necessarily determined from 
the proportion of normal and abnormal seedlings grown from normal seeds 
taken from ears segregating for germless seeds. This makes it necessary 
to determine the linkage relations by the use of only two phenotypic classes. 
In most cases where two seedling characters are involved only three pheno-
types could be distinguished. 
Where only two or three phenotypic classes were available the per-
centage of recombinations was determined by reducing the numbers to per-
centages and making comparisons in Owen's tables ( 6). The numbers ob-
tained by use of Owen's tables were further checked by use of a formula 
suggested by Collins ( 1) . In the one case where all four phenotypes could 
be distinguished Emerson's formula (2) was used to calculate the gametic 
ratio and the corresponding crossover value was checked by Immer 's tables 
(3). 
1 Journal Paper No. J125 of the Iowa Agricultural Experiment Station, Ames, Iowa. 
Project No. 182. 
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TABLE 1. S'l//(fl,mary of linkage data on the B-g, chrQ'lnOsome 
Genes Linkage 
XY phase XY 
Gm2G1 Coupling 4402 
Gm.Pg, Coupling 3552 
Pg,G, Coupling 2519 
Gm,L, Repulsion 1958 
Gm,L, Repulsion 1799 
G,L, Repulsion 2957 
G,L4 Repulsion 2525 
Pg,L4 Repulsion 1303 
Pg,L, Coupling 1725 
Gm, gm,-Germless seeds 
Pg, pg,-Pale green seedlings 
L. 12- Yellow seedlings 
L, 1,-Yellow seedlings 
G, g,-Golden plants 
Number of individuals 
Xy xY xy Total 
1335 5737 
1023 4575 
325 332 626 3802 
560 2518 
625 2424 
1011 1409 5377 
991 1292 4808 
521 632 2456 
531 758 3014 
List o.f gene symbols 
DISCUSSION 
j Percentage 
recomb. 
44.8 
42.6 
19.2 
50.0 
50.0 
48.0 
39.0 
37.0 
46.0 
Each of the linkages reported in table 1 will be discussed separately 
along with any explanatory notes which seem necessary. 
gm2 and g1 
In an earlier paper Wentz (7) reported independent inheritance of 
these two genes. In the earlier paper, however, the data were on the re-
pulsion phase and were not so extensive. It is entirely possible that the 
low linkage value shown in table 1 would not be indicated in the repulsion 
data. 
On the basis of the 44.8 per cent of recombinations the gametic ratio 
would be 1.23 :1. Table 2 shows the observed numbers of normal and 
golden plants and the numbers calculated on the basis of the 1.23 :1 gametic 
ratio. 
TABLE 2. Observed and calculated n'l//(fl,bers of normal Mid golden plants on the ba&is 
of a gametic rati o of 1.~3 :1 
Observed 
Calculated 
Deviation 
Normal 
4402.00 
4406.59 
-4.59 
Golden 
1335.00 
1330.41 
+4.59 
Total 
5737 
5737 
For comparison, seed was planted from ears from the same progenies 
but which were not segregating for germless seeds. The numbers of normal · 
and golden plants obtained from these ears were 4,897 and 1,633 respec-
tively. This is an exc~ss of just 0.5 golden plants. This indicates that the 
shortage of golden plants from the ears segregating for gm2 must have been 
due to linkage of the g1 factor with the lehtal gm2 factor. 
gm2and PY1 
Earlier F 2 repulsion data (7) gave only a slight indication of linkage 
between these two factors. The coupling data in table 1 indicate quite 
definitely that there is a loose linkage between the two genes. The 42.6 
per cent of recombinations corresponds to a gametic ratio of 1.35 :1 and 
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the numbers of normal and pale green seedlings calculated on this basis 
fit the observed numbers very closely as seen in table 3. 
TABLE 3. Observed and calculated numbers of normal and pale green seedlings on 
the basis of a gametio ratio of 1.35 :1 
Normal Pale green 
---=o~b_se_rv_e_d=--~~~~---=3~5~52~.~oo=--~~~~~~1~0~2-=--3.00 
Calculated 3552.95 102·2.05 
Deviation +o.95 -0.95 
Total 
4575.00 
4575.00 
When seed was planted from ears not segregating for gm2 the ratio 
of normal to pale green seedlings was 3,728 to 1,190. This is a shortage 
of 39.5 pale green seedlings as compared to a probable error of 20.48. This 
is a fair fit indicating that the large shortage of pale green seedlings from 
the ears segregating for gm2 was no doubt due to linkage between the genes 
causing germless seeds and pale green seedlings. 
Less extensive data published by the senior author (7) in 1930 showed 
a recombination percentage of 14.5 in the coupling phase. This is reason-
ably close to the 19.2 per cent shown in table 1. The gametic ratio cor-
responding to 19.2 per cent of recombinations is 4.23 :1. The observed num-
ber in each of the F 2 phenotypes is shown in table 4 as compared to the 
numbers calculated on the basis of the gametic ratio of 4.23 :1. It will be 
seen that the calculated numbers fit the observed numbers very closely 
giving a P value of .95. 
TABLE 4. Observed and caloulated numbers in each phenotypic class oaloulated on the 
basis of a gametic ratio of 4.23 :1 
Observed 
Calculated 
Deviation 
Pg,G, 
2519.00 
2519.96 
-.96 
pg,G, 
325.00 
329.25 
-4.25 
Pg,g, 
332.00 
329.25 
+2.75 
x 2 = .0878 
p = .95 
pg,g, 
626.00 
623.54 
+2.46 
Total 
3802.00 
3802.00 
The data in table 1 show a small deficiency of 12 seedlings while linkage 
in the repulsion phase should have caused an excess of 12 seedlings. When 
seed was planted from ears not segregating for gm2 the ratio of normal to 
yellow seedlings was 3,352 to 1,080. This is a deficiency of 28 yellow seed-
lings which is not quite as large a deficiency as observed from the ears 
segregating for gm2 • 
The data in table 1 do not show evidence of linkage between gm2 and 
12 • This is surprising as previous data on gm2 by Wentz (7) and on 12 
by Jenkins and Bell ( 4) and Lindstrom ( 5) place gm2 and 12 both to the 
left of R. Dr. R. A. Emerson who is preparing a new summary of the 
linkage groups has reported, by correspondence with the senior author, 
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other irregularities in the R-g1 group. There may be some peculiarity 
about the structure of the R-g1 chromosome. 
The numbers in table 1 show a slight excess of yellow seedlings but 
hardly enough to suggest linkage. The deviation from the expected num-
ber of yellow seedlings on the basis of independent inheritance is only 19 
with a probable error of 14.37. 
When seed was planted from ears not segregating for gm2 the ratio 
of normal to yellow seedlings was 1,113 to 393. Here there is an excess 
of 16.5 yellow seedlings with a probable error of 11.32. 
The data on g1 and 12 fit fairly well the numbers expected on the basis 
of independent inheritance as shown in table 5. Here the value of P is .10. 
TABLE 5. Obser1!ed and calculated 'II/Umbers in each pheMtypio class on the basis of 
independent inheritance 
G,L. 
g,L. 
G,12+g1l2 
Observed 
2957 
1011 
1409 
Calculated 
3024.56 
1008.19 
1344.25 
x 2 = 4.6358 
p = .10 
Deviation 
-67.56 
+ 2.81 
+64.75 
The shortage of normal green plans with the very slight excess of golden 
plants might indicate a small amount of linkage. When the theoretical 
numbers are calculated on the basis of 48 per cent of recombinations or a 
gametic ratio of 1 : 1.08 they fit the observed numbers a very little closer 
than when independent inheritance is assumed. Table 6 compares the ob-
served and theoretical numbers calculated on the basis of the 1 : 1.08 gametic 
ratio. 
TABLE 6. Observed and oaluu.lated 'll!Umbers in each phlJ'Tl<Jtypio class calculated on the 
basis of a gametic ratio of 1 :1.08 
G,L. 
g,L, 
G,I,+g,l, 
Observed 
2957 
1011 
1409 
Calculated Deviation 
2999.21---~------4-2~.2_1_ 
1033.54 -22.54 
1344.25 +64.75 
x 2 = 4.2920 
p =.10 
It will be noted that the fit would have been much closer except for 
the rather large excess of yellow seedlings. This excess of yellow seedlings 
can be largely accounted for by the fact that the yellow seedling counts 
were made about three weeks earlier than the green and golden counts. 
Th~ golden plants cannot be classified satisfactorily until they are 12 to 
15 mches tall. There was no doubt some loss of plants by injury and dis-
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ease between the time the yellow seedlings were counted and the time that 
the green and golden plants were counted. 
When the yellow seedlings are disregarded the numbers of green and 
golden plants observed fit very closely the numbers calculated on the basis 
of the gametic ratio of 1 : 1.08 as shown in table 7. 
TABLE 7. Obser1Je.d and calculated 111Umbers of green and golden plants on the basis 
of a gametic rati-0 of 1 :1.08 
G,L, 
g,L, 
Observed 
2957 
1011 
Calculated 
g1 and l4 
2951.05 
1016.95 
Deviation 
+5.95 
-5.95 
The observed numbers in table 1 indicate linkage in the repulsion 
phase. By reducing the numbers to percentages and comparing them in 
Owen's tables it is found that they come nearest fitting the percentages 
corresponding with 39 per cent of recombinations. This is a gametic ratio 
of 1 : 1.56. When the theoretical numbers are calculated on the basis of 
this gametic ratio they compare with the observed numbers as shown in 
table 8. 
TABLE 8. Obser1Jed and calculated 111Umbers in each phenotypie class calculated on the 
basis of a gametic ratio of 1 :1.56 
Observed 
2525 
991 
1292 
Calculated 
2587.42 
1018.59 
1202.00 
x 2 = 8.9916 
p = .01 
Deviation 
-62'42 
-27.59 
+90.00 
The value of P in table 8 is only .01. It can be seen, however, that 
the big deviation is in the third class which consists of G114 and g114 seed-
lings. There is an excess of the yellow seedlings. This excess can at least 
partly be accounted for by the fact that the counts on normal green and 
golden plants were necessarily made after the plants were 12 to 15 inches 
tall while the counts on yellow seedlings were made when the seedlings 
were still small. There no doubt was some loss of plants through injury 
and disease between the time the yellow seedlings were counted and the 
time that the counts were made on green and golden plants. In order to 
eliminate this possible error the theoretical numbers of green and golden 
plants were calculated disregarding the yellow seedlings. Table 9 shows 
that the fit is very close when the yellow seedlings are disregarded. 
TABLE 9. Obser1Jed and calculated wwmbers of green and golden plants on the basis 
of a gametic ratio of 1 :1.56 
Observed Calculated Deviation 
G--L~~-1~~~..:....:.~2~5~25=--~~--'-~~~~ru25~2~2~.83~~~-'-~~~~-+~2-.1-7-
' . g,L. 991 993.17 -2.17 
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pg1 and l4 
The data on pg1 and 14 indicate linkage in the repulsion phase. By 
comparison in Owen's tables we find that the recombination percentage 
must be about 37. This is a gametic ratio of 1 : 1.7. When the theoretical 
numbers are calculated on the basis of this gametic ratio they fit the ob-
served numbers very closely as shown in table 10 where the value of P is 
.70. 
TABLE 10. Observed and calculated 'II/Umbers in eaoh phen<>typio cla11s on the basis of 
a gametio ratio of 1 :1.7 
Pg,L. 
pg,L, 
Pg,l,+pg,l, 
Observed 
1303 
521 
632 
Calculated Deviation 
1212.23~---'--------9-.2-3-
x 2 = .7381 
p = .70 
PY1 and l2 
529. 78 - 8. 78 
614.oo +18.oo 
The data on pg1 and 12 fit reasonably well the numbers expected on 
the basis of independent inheritance. Table 11 shows the value of P to 
be .30 when the observed numbers are compared with the numbers cal-
culated on the basis of independent inheritance. 
TABLE 11. Observed and calculated 'II/Umbers in each phenotypio class on the basis 
of independent inheritance 
Pg,!,. 
pg,!,. 
Pg,I2+pg,l2 
Observed 
1725 
531 
758 
Calculated 
1695.38 
565.13 
753.50 
x 2 = 2.6075 
p = .30 
Deviation 
+29.62 
-34.13 
+ 4.50 
.Although the observed numbers are close to those calculated on the 
basis of independent inheritance it can be seen that the deviations present 
are in the right direction to indicate a low linkage value in the coupling 
phase. Table 12 was prepared to compare the observed numbers with cal-
culated numbers on the basis of a low linkage. .A recombination value of 
46 per cent was assumed. This is a gametic ratio of 1 : 1.17. The numbers 
calculated on this basis fit very closely the numbers observed. The value 
of Pis .98. 
TABLE 12. Obser'Ved and calculated wumbers i'l!l each phenotypic class on the basis of 
a gametic ratio of 1 :1.17 
Pg1L2 
pg,L, 
Pg1I2+pg1l2 
Observed 
1725 
531 
758 
Calculated Deviation 
1726.04-:-----~-----1-.0-4-
x2 = .0498 
p = .98 
534.45 - 3.45 
753.50 +4.50 
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SUMMARY AND CONCLUSIONS 
In this paper linkage data are presented on five genes previously found 
to be located on the R-g1 chromosome. 
In the main these data substantiate the relative positions of the genes 
on the chromosome as summarized by Emerson and his associates in 1930. 
There is, however, one decided inconsistency. Data presented here on the 
linkage relations of gm2 with pg1 and gu and previous data on gm2 and R, 
place gm2 at the left end of the chromosome and since previous data place 
12 and 14 at opposite ends of the chromosome there should be linkage be-
tween gm2 and either 12 or 14 • At the present time there is no way of ex-
plaining this lack of 3-o<YI'eement in the relative positions of the genes. It 
is hoped that further data bringing in other genes on the chromosome will 
afford some solution. 
LITERATURE CITED 
1. COLLINS, G. N. 
1924. Measurement of linkage values. Jour. Agr. Res. 27:881-891. 
2. EMERSON, R. A. 
1916. The calculation of linkage intensities. Amer. Nat. 50:411-420. 
3. IMMER, F. R. 
1930. Formulae and tables for calculating linkage intensities. Genetics, 
15:81-98. 
4. JENKINS, M. T. AND M. A. BELL 
1930. The inheritance, interaction and linkage relations of genes causing 
yellow seedlings in maize. Genetics, 15:253-282. 
5. LINDSTROM, E. W. 
1925. Genetic factors for yellow pigment in maize and their linkage re-
lations. Genetics, 10:442-455. 
6. OWENS, F. V. 
1928. Calculating linkage intensities by product moment correlation. Gen-
etics, 80:110. 
7. WENTZ, J. B. 
1930. The inheritance of germless seeds in maize. Iowa Agr. Exp. Sta. Res. 
Bul. 121. 

IRREGULAR SPOROGENESIS AND POLYEMBRYONY IN 
SOME LEGUMINOSAE 
JOHN N. MARTIN AND JOHN R. WATT 
From the Department of Botany, Iowa State College 
Accepted for publication September 22, 1933 
The prevalence in species of Angiosperms of irregularities in meiosis, 
polymorphism in spores, multiple embryo sacs, or polyembryony is commonly 
regarded as indicative of a hybrid constitution. Since plants so constituted 
are generally quite variable in many of their features, they are usually not 
dependable as to types but are inviting of improvement by selection and 
other breeding methods. Any disclosures, therefore, pertaining to the con-
stitution of crop plants as important as the clovers and alfalfa are worthy of 
consideration. 
Although the features herein considered pertain especially to Trif olium 
pratense L., T. repens L., Melilotus alba Des., Medicago sativa L., and Vicia 
americana Muhl. of the family Leguminosae, they are probably as prevalent 
in other species of the family but have escaped notice owing to limited mor-
phological studies. 
In ]felilotus alba two types of pollen (fig. 5), the larger of which was 
commonly multinucleate and several times the size of the normal type, were 
observed by Rogers (8) and Castetter (1). The study of the development 
of the giant pollen grains furnished considerable evidence that they were 
tetrads in which the division walls had been omitted. 
The origin of the embryo sac directly from the mother cell, a method 
characteristic of the Lily family, has been reported to occur in M elilotus alba 
by Guignard (2) and Young (9) and in Medicago arborea by Guignard (2) 
and Herail (3), whereas, in Melilotus alba and in the Grimm and common 
varieties of Medicago sativa the senior writer (5, 6) and Reeves (7) found 
that the embryo sacs in the ovules observed were the products of one meg-
aspore as is customary in Dicotyledons. Although these discrepancies may be 
due to errors in observation, marked variations in the forming of embryo 
sacs would be in accord with the other irregularities prevalent in the ovules 
of these species. 
Much variation in the number of mother cells per ovule (figs. 1, 4, 7, 8, 
and 9) have been observed in Trifolium pratense, T. repoos, Medicago sativa, 
M elilotus alba, and Vicia americana by the senior author ( 6). Multiple tet-
rads of megaspores were noted in all the species, and occasionally in M.elilo-
tus alba and M edicago sativa two or more embryo sacs in the process of de-
velopment in the same ovule were observed (figs. 1 and 4). The other ex-
treme in which the ovules form no mother cells was found to occasionally 
occur in Trif olium pratense. Several mother cells and as many as three 
embryo sacs in the same ovule in process of development were observed by 
Reeves (7) in both the Grimm and common strains of alfalfa. 
The development that several embryo sacs in the same ovule may attain 
and the possibility of two or more of them functioning have received very 
little attention in the legumes. Jonsson (4) reported polyembryony in 
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Trif olium prwtense. How the embryos were formed was not ascertained, 
but in view of the tendency of Trif olium pratense to form multiple mother 
cells, it is quite plausible that they were the products of separate embryo 
sacs. 
OBSERVATIONS ON POLYEMBRYONY IN ALFALFA AND SWEET CLOVER 
In some experiments on the germination of alfalfa seeds1 at fowa State 
College in 1930 one seed with two radicles protruding was discovered (fig. 
2). The removal of the testa revealed two separate, perfect embryos equal 
in size. They were oppositely oriented and one cotyledon of each embryo 
was enclosed between the cotyledons of the other (fig. 3.) The axes of the 
hypocotyls and radicles, although oppositely oriented, were parallel except 
for the slight opposite curving of the tips of the radicles. The position and 
orientation of the embryos with reference to the micropyle were very similar 
and corresponded to the relative position and orientation of multiple embryo 
sacs in ovules. There was considerable evidence that the embryos were pro-
ducts of separate embryo sacs. 
Owing to the close fitting together of their cotyledons, the two embryos 
did not require much extra space and their presence in the dormant seed 
was probably scarcely manifest in the size and shape of the seed. 
Morphological studies of the seeds of Melilotus alba at Iowa State 
College have occasionally disclosed, in addition to the normal embryo, other 
structures suggestive of aborted embryos. A case in which polyembryony 
was quite evident is shown in figure 6 which represents a section of a seed 
more than half mature with one normal and one miniature embryo in an 
early stage of differentiation. The secondary embryo, excepting its arrested 
development, was apparently normal, for it was typical of normal embryos 
at certain stages in their early development. It was terminal on a suspensor 
that was nearly normal in type. It occupied an area that resembled an 
embryo sac and that was separate from the embryo sac of the primary 
embryo. The two embryos and areas occupied by them were similarly lo-
cated and oriented in the seed. Their location and orientation corresponded 
to those of multiple embryo sacs in an ovule. The zygotic origin of both 
embryos was, therefore, indicated by both morphological and circumstantial 
evidence. 
DISCUSSION 
In the ovules of the legumes included in this article the nucelli are 
slender, seldom more than five or six layers of cells in thickness through the 
sporogenous region. The competition, therefore, for space as well as for 
food and water among multiple mother cells or embryo sacs must be ex-
ceedingly severe, the result being that all but the survivor usually succumb 
early in the struggle. In case a parity in competition between a number of 
mother cells or embryo sacs in an ovule occurs and persists, the situation 
is much more favorable to the abortion of all mother cells or embryo sacs 
than to the normal development of two or more of them. The early estab-
lishment and maintenance thereafter of a parity in competition between two 
embryo sacs that permits the normal development of two embryos in the 
same ovule, as in the polyembryonate alfalfa seed, must be extremely rare. 
A condition of multiple mother cells or embryo sacs in ovules is therefore 
1 The seeds were brought from Montana by the junior author. They were claimed to 
be Grimm but origin and strain were not definitely known. 
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DESCRIPTION OF FIGS. 1-9. 
1. Lengthwise section of ovule of Medioago sativa showing one megaspore and one 
two-nucleate embryo sac. 2. Polyembryonate seed of alfalfa showing the two radicles 
protruding. 3. The relative positions of the two embryos in seed shown in 2. 4. Length· 
wise section of ovule of Melilotus alba showing two embryo sacs in process of develop-
ment. 5. Two types of pollen in Melilotus alba. 6. Lengthwise section of an i=ature 
seed of Melilotus alba showing two embryos. 7. Three mother cells shown in the cross 
section of an ovule of Trifoliwm pratense. 8. One mother cell and one row of mega· 
spores in Trifoiiwm repens. 9. A number of mother cells in Vioia amerioana. 
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usually so obscured by later growth that traces of it in the mature seed are 
only detectable by microscopical studies. 
Owing to the delicacy in the technique required in the study of spor-
ogenesis and the development and functioning of embryo sacs, the number 
of ovules and especially the number of plants included are relatively small. 
Consequently, irregularities of common occurrence in the reproductive pro· 
cesses in both anthers and ovules may escape notice. It is quite probable, 
therefore, that further studies will show that the nucelli of these and other 
species of legumes are generally arenas where mother cells and embryo sacs 
compete for supremacy with the result that traces of more than one embryo 
in a seed is a common occurrence. The frequency of multiple mother cells 
and embryo sacs in the ovules of the few species investigated favor such a 
prediction. 
Some features in connection with seed production in the clovers, alfalfa, 
and vetch may be related to the irregularities in the ovules previously de-
scribed. 
In most, if not all, cultivated legumes the abortion of ovules is a com· 
mon occurrence. In the five species included in this discussion, the abortion 
of ovules that regularly occurs ranges from 50 per cent in red clover to 80 
per cent or more in sweet clover. This regular abortion of ovules which is 
manifested in their resorption soon after fertilization is apparently a result 
of competition between ovules. 
In addition to this regular abortion of. ovules there are other dis-
turbances in seed production that may be due to irregularities within the 
ovules. Throughout the middle states the average yield of red clover seed 
is about one-twelfth of the seed production capacity of red clover plants. 
Most of this failure to produce seed is due to insufficient pollination, but 
some of it is probably due to failure of ovules to produce mother cells and 
to competition between mother cells or embryo sacs that interferes with the 
normal development of ovules and seeds. The dropping of the flowers and 
young pods so common in sweet clover and alfalfa may be in part due to 
these irregularities in the ovules, the seriousness of their effects depending 
upon environmental conditions. Similar causes, may in part be responsible 
for the common occurrence in alfalfa of seeds with no or only partially 
developed embryos. In Vicia americana the failure of ovules to become 
seeds is apparently associated with an early disintegration of embryo sacs, 
a phenomenon that may be traceable to an innate tendency toward irreg-
ularities in the ovules. 
Although the tendency toward irregularities within the ovules has not 
been shown definitely to contribute to the failure of seed production in the 
legumes, it certainly deserves consideration in a program of developing 
better seed producing plants, an achievement very much needed in red 
clover and alfalfa. 
SUMMARY 
1. Two types of pollen in Melilotus alba and the tendency of Trifolium 
pratense, T. repens, Melilotus alba, Medicago sativa and Vicia americana to 
produce multiple mother cells and embryo sacs are discussed. 
2. Polyembryony in Medicago sativa and Melilotus alba is described. 
3. The probable relation of the irregularities in the reproductive pro· 
cesses to seed production in these legumes is discussed. 
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In the year 19291 the writer offered for publication a systematic list of 
the introduced plants of the state, which grew without cultivation and had 
become more or less naturalized, with notes regarding their frequency, range 
within the state, and their native habitat. Special attention was called also 
to those introduced plants which were dangerous to agriculture, and whose 
eradication or control was advisable. 
In the three years since the paper was prepared, much work has been 
done in securing additional data regarding our introduced flora, and at this 
time the following appended list, systematically arranged, numbering thirty-
five species worthy of recognition, is offered. 
The original list contained 263 numbers and those now offered increase 
the list to 298. The total number of Iowa Pteridophyta and Flowering 
Plants represented in the Herbarium at this date, September 15, 1933, is 
1,613, of which the immigrant flora forms 18.4 per cent. This percentage 
will be greatly increased as time passes, through the destruction of many 
of our native plants, and the introduction of foreign species, many of them 
undesirable. In the appended list additional data are given, especially re-
garding those plants which threaten to become serious pests. 
264. Sorghum halepense (L.) Pers. Johnson Grass. Frequent in cultiva-
tion and often escaped. It is a native of Asia. 
265. Phalaris canariensis L. Bird-seed Grass. Frequent as an escape 
around dwellings; a native of Europe. 
266. Arrhenatherum elatius (L.) Beauv. Oat-grass. Occasional in fields 
and waste places. Introduced from Europe. 
267. Hemerocallis fulva L. Yellow Day Lily. Frequent as a garden 
escape. A native of Europe. 
268. Betula pendula Roth. (B. alba L. in part). The common European 
White Birch in cultivation, but rare as an escape. This tree is es· 
pecially liable to insect injury. 
269. Polygonum dumetorum L. A European perennial. Rare unless over-
looked on account of its close resemblance to one of our native species. 
270. Fagopyrum esculentum Moench. Buckwheat. This common cultivar 
often persists for several years. Owing to our early frosts it is be-
coming less common in cultivation in this latitude. 
271. Amaranthus spinosus L. The Thorny Amaranth. A rare introduc· 
tion from Tropical America. It is common and very troublesome in 
our Southern States. 
1 Cratty, R. I. 1929. The immigrant flora of Iowa, Iowa State College Jour. Sci. 3: 
247·269. 
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272. Arenaria serpyllifolia L. Rare in dry soil, Emmet Co. A native of 
Europe. 
273. Delphiniitm cultoruin Voss. The common Candle Larkspur of the 
gardens. It is very hardy and profuse bloomer and a frequent escape. 
It is of hybrid origin, a mingling of several Old World species. 
274. Berbei·is Thunbergii DC. The Japanese Barberry, and a frequent 
escape. It is a valuable ornamental shrub, being immune to the grain 
rust which uses its near relative B. vulgaris as a winter host. 
275. Alyssum alyssoides L. The common Sweet Alyssum which occasionally 
escapes to pastures and waste places. A native of Europe. 
276. Chorispora tenella DC. This little crucifer from Asia has become 
established along a highway north-east of Sioux City. 
277. Erysinium parviflorum Nutt. Western Wormseed. Infrequent; an 
introduction from the Western Plains. 
278. Radicula amphibia (L.) Druce. An aquatic species, recently intro-
duced from Europe to a river bank in Emmet Co. 
279. Reseda lutea L. Sweet Mignonette. A garden cultivar from Europe, 
and an occasional escape. 
280. Geranium pusillum Burm. fil. An occasional weed in lawns. A native 
of Europe. 
281. Oxalis corniculata L. This is the species common around greenhouses. 
It is not the 0. corniculata of our older manuals which is now 0. 
cyniosa Small. 
282. Ailanthus altissima (Mill.) Swingle. The Chinese Tree-of-Heaven. It 
is quite common in cultivation and occurs as an escape from seed and 
also by suckering. 
283. Euphorbia Peplus L. A rare introduction from Europe, and for-
tunately not likely to prove troublesome. 
284. Falcaria vulgaris Bernh. Sicklewort. A deep-rooted perennial from 
Europe. It spreads both by seeds and by running roots. It has been 
found well established in Sioux and Guthrie counties, and should be 
eradicated. 
285. Borago officinalis L. Borage. This garden escape was collected in 
Benton County by the late Dr. L. H. Pammel. It is a native of 
Europe. 
286. Madia glomerata Hook. Tarweed. This common native of the western 
plains has been collected as a waif in Mahaska and Emmet counties. 
287. Bidens bipinnata L. This European Spanish Needle has made its ap-
pearance in S.E. Iowa. It is very common in the Atlantic States. 
288. Anthemis tinctoria L. The Yellow Ox-eye Camomile of Europe occurs 
as a garden escape in Clayton Co. 
289. Centaurea diffusa Lam. This Bachelor's Button or Knap-weed is 
thoroughly established in Sioux Co. It is a native of S.E. Europe. 
290. Centaurea repens L. Russian Knap-weed. This noxious introduction 
from S.E. Europe has made its appearance in Sioux Co. It is a hardy 
perennial and spreads by seed and by its extensive running roots. It 
should be added to our list of unlawful weeds. 
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291. Sonchus uliginosus Bieb. One of our Perennial Sow Thistles. This 
European plant is frequent in N.E. Iowa. It is a close relative, per-
haps only a variety, of the unlawful species, S. arvensis. 
292. Crepis capillaris (L.) Wallr. A harmless little plant introduced from 
Europe into waste places. 
293. Hieracium virosmn Pall. One of the European Hawkweeds. It has 
been collected in Floyd and Howard counties. This is its first recorded 
appearance in the United States. 
294. Hartmannia speciosa (Nutt.) Small. (Oenothera Nutt.) White Prim-
rose. Introduced on R.R. right-of-way, Kossuth Co. and probably else-
where. A perennial plant worthy of cultivation. 
295. Anethum graveolens L. Dill. An escape around gardens. 
296. Centaurea difjusa Lam. One of the Star Thistles. Established in 
Sioux Co. (Dr. A. L. Bakke). 
297. Centaurea repens L. Russian Knap-weed. A deep-rooted perennial, 
recently introduced in Sioux Co. (Dr. A. L. Bakke). It should be 
classed with our unlawful weeds. 
298. Hieracium virosum Pallas. One of the Hawkweeds. Floyd Co. (Dr. 
Ada Hayden). Howard Co. (Kathryn Shields). The only known 
localities in America. 
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The genus Phyllophaga Harris (Gr. ph;yllon -leaf; phagei11r-to eat) 
includes a large group of beetles popularly known as" June-bugs" or "May-
beetles" whose larvae are the common white grubs of the fields. From an 
economic point of view the depredations of both larvae and adults are well 
known. The adults frequently defoliate trees and shrubs by night and 
deposit their eggs in the soil by day, whereas the larvae or ''grubs'' are 
subterranean in habit and destroy the roots of numerous acres of farm, 
truck, and garden crops as well as great areas of grassland. 
The contents of this paper are based upon data from 102,258 adult 
specimens taken in Iowa by various collectors during the past ten years. 
These specimens are represented by thirty-three species, one of which, 
P. gracilis (Burm.), is recorded in this state for the first time. 
It has been impossible to compare specimens with the original types, 
so the synonymy given is that recorded in the literature. The species will 
be discussed in the order as given by Leng ( 1920) in his catalogue. The 
keys are adapted from Horn ( 1887), and since the females are so very 
similar the keys are of necessity arranged from the male characters. 
DISTRIBUTION 
The genus Phyllophaga is known to occur only in the Western Hemi-
sphere from Hudson Bay to Argentine, including the West Indian Islands. 
From fifteen to twenty species may be found in most localities except along 
the Western Coast. Many species are known to have a rather wide dis-
tribution, whereas others have been taken only in limited areas. Junk 
(1912) listed 231 species for the world, many of which are synonyms or 
races; Leng (1920) catalogued 97 species from the United States and 
Canada; Leng and Mutchler ( 1927) reported 10 more species, and since 
that time 11 additional ones have been described from the United States 
and Canada, making a total of 118 species north of Mexico. 
HISTORIC.AL REVIEW 
Genus PHYLLOPHAGA Harris (1926) 
Logotype- hirticula Knoch. 
Mewlontha Fabricius, 1775, Syst. Ent. :31. 
Phyllophaga Harris, 1826, Mass. Agr. Jour. and Rpts., 10:6. (Facsimile seen). 
Stenothoraz Harris, 1826, Mass. Agr. Jour. and Rpts., 10:8. (Facsimile seen) . 
. BhW:otrogus Berthold, 1827, Nat. Fam. d. Thierreichs: 362 (original not seen). 
Lachnosterna Hope, 1837, Coleop. Man., pt. 1 :99. 
Ho"lotricha Hope, 1837, Coleop. Man., pt. 1 :99. 
Ancy"lonychai Blanchard, 1845, Hist. Ins., 1:216. 
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TT'ichesthes Erichson, 1847, Nat. Ins. Deutsch!., 3:658. (Original not seen). 
Triohestes Blanchard, 1850, Cat. Coll. Ent., 1:141. 
Tcstegoptera Blanchard, 1850, Cat. Coll. Ent., 1:149. 
Eugastra Le Conte, 1856, Acad. Phil., Jour., (2), 3:233. 
Endrosa Le Conte 1856, Acad. Phil., Jour., (2), 3:234. 
Gyrvnis Le Conte, 1856, Acad. Phil., J ,our., (2), 3:262. 
Harris (1826) separated the species of Melo"Wntka into two genera; 
he retained Melolontha for those species with an antennal club of four seg-
ments, and proposed the name Phyllophaga for those species with an an-
tenna! club of three segments. The generic name Phyllophaga was rejected 
·by most early workers on the grounds that the original description failed 
to mark the limits of the genus. Melsheimer ( 1853) accepted the latter 
name in his catalogue, but his paper does not seem to have been followed 
by later systematists. The species now included in this genus have been 
placed in numerous genera by different authors, and European workers 
still recognize Lachnosterna Hope. Glasglow (1912) revived the name 
Phyllophaga because the original publication was accompanied by the valid 
species quercina, hirsuta, hirticula, and balia. He designated P. hirticula 
(Knoch) as the genotype (logotype). 
A-~~;;;:-~,_--Transv~~;fna 
·~~""-'-~~-.Excavation 
~~rJil<Pl!llil~~j.l':__--,P•nulfimate ventral 
se9 ment 
Fig. 1. Ventral view of tip of male ab·' 
domen showing charactres. 
Stun 
Fig. 2. Antenna showing parts. 
DESCRIPTION OF GENUS 
Body oval, oblong, or cylindrical, yellowish brown to piceous. Elytra 
without striae or grooves. Six visible ventral segments rather firmly united, 
but with distinct sutures. Mesosternum densely punctate, with more or 
less dense vestiture of hair. Coxae transverse, not prominent. Antennae 
lamellate with a three-jointed club. Tarsal claws with a single tooth be-
neath near the middle. 
BROODS 
Life histories of June-beetles vary in length from one to four years, 
depending upon biotic conditions and the species concerned. In general, 
however, it requires three years in Iowa to complete the development from 
egg to adult. There are three broods, designated as broods A, B, and C, 
the adults of one brood appearing each year. Four species, namely, P. 
quercus, gracilis, ephilida, and spret.a have been reported in the literature 
as occurring in Iowa, but since the year in which the adults of these species 
were taken was not recorded, it is impossible to determine the brood to 
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which they should be referred. Records of the species for these three broods 
are shown in table 1. The data include the notes published by H. E. Jaques 
in 1926, 1927, and 1928; many records kindly sent to the writer by Dr. 
H. B. Hungerford and Prof. M. H. Swenk; unpublished notes of R. L. 
Webster, formerly of the Iowa Agricultural Experiment Station; many 
unpublished records of Dr. W. F. Wickham and Prof. H. E. Jaques; data 
from specimens in the collection of Iowa State College and several thousand 
collected by members of the department and the writer during the past 
three years. 
TABLE 1. Phyl£ophaga of Iowa 
Number of speci~ens .of each species 
Phyllophaga Species Brood A Brood B Brood C 
P. hirtioola (Knoch) 41,084 825 193 
P. implicita (Horn) 9,980 14,662 1,609 
P. fWJca (Froel.) 937 38 5,531 
P. tristis (Fab.) 10,647 75 10 
P. futU.s (Lee.) 2,062 3,440 1,914 
P. ro{!Osa (Meis.) 2,993 1,363 733 
P. i?Wersa (Horn) 507 316 83 
P. crassissima (Blanch.) 157 111 381 
P. 1u>rOO (Smith) 560 3 
P. 11ehemen.s (Horn) 255 179 
P. anxia (Lee.) 352 4 41 ' 
P. dra'kU (Kirby) 211 5 124 
P. fraterna Harris 206 3 4 
P. ilicis (Knoch) 140 5 4 
P. micans (Knoch) 91 31 15 
P. creW1ilata (Froel.) 53 13 36 
P. margimalia (Lee.) 53 
P. prunina (Lee.) 52 1 
P. congrna (Lee.) 44 
P. fermda (Fab.) 14 14 
P. nitida (Lee.) 25 1 
P. balia (Say) 23 
P. biparlita (Horn) 14 1 2 
P. fosteri (Burm.) 3 2 6 
P. COTrosa (Lee.) 8 1 
P. 11ilifrOM (Lee.) 4 
P. barda (Horn) 2 
P. lanceolata (Say) 1 
P. longitarsa (Say) 1 
P. graoilis (Burm.) 
P. querims (Knoch) 
P. spreta (Horn) 
P. ephilida (Say) 
Total 70 477 20 901 10880 
KEY TO THE MALES OF GENUS PHYLLOPHAGA 
1. Hind tibia with both spurs free.................................................................. 2 
Hind tibia with one spur fixed. ................................................................... 5 
Total 
42,102 
17,208 
15,549 
10,732 
7,416 
5,089 
906 
649 
563 
434 
397 
340 
213 
149 
137 
102 
53 
53 
44 
28 
26 
2:! 
17 
11 
9 
4 
2 
1 
1 
102 258 
2. Body more or less pruinose .................................................................. querou.s ........ p. 340 
Body with vestiture of scales or hair ...................... ·-······························· 3 
3. Body with vestiture of scaies .......................................................... lanceolata ........ p. 317 
Body with vestiture of hair.......................................................................... 4 
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4. Margin of pronotum erenulate .......................................................... orenulata ........ p. 339 
Margin of pronotum entire or irregular .............................................. tristios ........ p. 341 
5. Fixed spur of hind tibia not more than one-third length of free spur 
(plate IX, fig. 41) ·········-········································---·····-------·-----·-·····----·-·· 6 
Fixed spur of hind tibia more than one-third length of free spur 
(Plate IX, fig. 38)····-·----·-············-······-·············----·································· 7 
6. Antennae ten-segmented ...................................................................... ephilid,a, ........ p. 318 
Antennae nine-segmented ······--·-··········································----·--·----lhngitarsa ........ p. 319 
7. Hind tibia excavated at base of fixed spur (Plate IX, figs. 39, 40).... 8 
Hind tibia truncate at apex (Plate IX, fig. 38) ...................................... 12 
8. Mesosternum with sparse vestiture of long hair ........ ---····-·······------··Uracilis ........ p. 319 
Mesosternum with dense vestiture of long hair .. ·-··············---·-··--············ 9 
9. Fixed spur of hind tibia strongly arcuate, angularly bent at tip 
(Plate IX, fig. 39) .................. ............................................................... futilis ........ p. 320 
Fixed spur on hind tibia straight or feebly arcuate (Plate IX, fig. 38) 10 
10. Penultimate ventral segment without tranverse elevation ........... ,congrua ........ p. 321 
Penultimate ventral segment with transverse elevation .......................... 11 
11. Elytra pruinose -·-··· ----··----····--·-··----···---···-----··--···-···-·······-···················Prunina ........ p. 322 
Elytra glabrous ·····························-·-----··--··--·------····---··----····--···-···-···-···-corrosa ........ p. 333 
12. Antennae ten-segmented ··----··-----·----········----···-----···-·····-············----·············· 13 
Antennae nine-segmented ·-·········----- ·-·--------·-----·--------·-···-------------·-------·---·--- 30 
13. Elytra with vestiture of hair ............ ·-·-·····-·······----···································· 14 
Elytra without vestiture of hair .................................................................. 15 
14. Body with rows of erect hair ..................... ....................................... hirtioula ........ p. 337 
Body uniformly clothed with hair ............................................................ ilicis ........ p. 338 
15. Elytra pruinose .............................................................................................. 16 
Elytra glabrous ·····················································································-······· 17 
16. Body robust, slightly iridescent; small roughened area at apex of 
penultimate ventral segment ....................................................... crassissima ........ p. 322 
Body elongate; feebly elevated, arcuate ridge on penultimate ventral 
segment ·······································-·········································-···············micans ........ p. 325 
17. Ridge of penultimate ventral segment divided (smooth at middle) .... 18 
Ridge of penultimate ventral segment not divided ................................ 19 
18. Ridge of penultimate ventral segment narrowly and deeply divided 
···············································································-···························bipartita ........ p. 324 
Ridge of penultimate ventral segment broadly divided ............... _ .. Jwrnii ........ p. 327 
19. Hind tibia with fixed spur hooked at tip ........................................ ~ehemens ........ p. 325 
Hind tibia with fixed spur feebly arcuate or straight ...... ·-···········-······· 20 
20. Punctures on pronotum coarse, evenly and closely placed ................ rugosa .......• p. 334 
Punctures on pronotum fine and rather evenly placed, or moderately 
coarse and unevenly placed ...................................................................... 21 
21. Ridge of penultimate ventral segment overhanging at ends .................. 22 
Ridge of penultimate ventral segment feebly elevated, not overhang· 
ing at ends, roughened, often with cupuliform excavation behind 
ridge ............................................................................................................ 25 
22. Ridge of penultimate ventral segment rather strongly arcuate (Plate 
IV, fig. 34).····-·····················-··································-·-································ 23 
Ridge of penultimate ventral segment nearly straight (Plate IX, 
fig. 35) ··············································-·············-··········································· 24 
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23. Ends of ridge on penultimate ventral segment reaching hind margin 
of segment ·····················································-······················-·········--fer11ida ........ p. 327 
Ends of ridge on penultimate ventral segment not reaching apex of 
segment ·····················-····································································--·-----ana;ia ........ p. 328 
24. Last segment with strong, median, transverse ridge at base; hind tibia 
with spurs slender, lanceolate ........................................................... __ fusca ........ p. 326 
Last segment without median transverse ridge at base; hind tibia with 
spurs broad, flattened, lanceolate ...................................................... drakii ........ p. 329 
25. Club of antennae one-third longer than stem ................................... .spreta2 ···-···P· 331 
Club of antennae little if any longer than stem ...................................... 26 
26. Pronotum with punctures moderately coarse, irregularly placed, with 
large irregular smooth spaces ...................................................... marginalis ........ p. 330 
Proootum with punctures moderately fine, rather regularly placed ...... 27 
27. Ridge on penultimate ventral segment feebly elevated, broad, feebly 
excavated behind ........................................................................................ 28 
Ridge on penultimate ventral segment, narrow, strongly arcuate, 
smooth, moderately to deeply excavated behind .................................. 29 
28. Color usually dark brown; hind tibia with :fixed spur broad, much 
flattened, rather obliquely truncate .............................................. fraterna ........ p. 332 
Color usually reddish brown; hind tibia with fixed spur feebly flat-
tened, tip acuminate .......................................................................... fosteri ........ p. 332 
29. Ridge of penultimate ventral segment with deep cupuliform excava-
tion behind ............................................................................................ barda .......• p. 330 
Ridge of penultimate segment with shallow cupuliform excavation 
behind .................................................................................................... in11ersa ........ p. 323 
30. Ridge of penultimate ventral segment broadly divided ...................... nitida ........ p. 337 
Ridge of penultimate ventral segment not divided .................................. 31 
31. Ridge of penultimate ventral segment narrow, deeply excavated be-
hind ················ ······················--·······································-····-·····················-balia ........ p. 335 
Ridge of penultimate ventral segment narrow, feebly excavated 
behind ··················--··································-················································· 32 
32. Ridge of penultimate ventral segment feebly elevated, with small 
tuberosity on each side; body ovate .............................................. implioita ........ p. 335 
Ridge of penultimate ventral segment with feebly arcuate ridge, with-
out the tuberosity; body elongate ................................................ 1J"ilifrons •....... p. 336 
DESCRIPTION OF SPECIES 
Phylloplw,ga lancoolata (Say) 
(Plate I, fig. 1) 
1824 Melolontha "lanceolata Say, Acad. Phil., Jour., 3: 242, Le Conte ed. 2, 1869, p. 298. 
1850 Tostegoptera lanceolata Blanchard, Cat. Coll. Ent., 1:149. 
1855 T'Ostegoptera "lanceolata Burmeister, Handb. Ent., 4, pt. 2: 356. 
1856 Arwylonycha "lanceolata Lacordaire, Gen. Coleop., 3: 285. 
1856 Laohnosterna lanceolata Le Conte, Acad. Phil., Jour., (2), 3: 237. 
1887 Laohn-0sterna lanceo"lata Horn, Am. Ent. Soc., Trans., 14: 216. 
1887 Laohrwsterna larweo"lata Horn, Ent. Am., 3: 143. 
1889 Laohnosterna larweo"lata Smith, U. S. Nat. Mus., Proc., 11: 493. 
1916 Laoh'TW8terna lanooolata Davis, Jour. Econ. Ent., 9: 277. 
1916 Phyllophaga "larweo"lata Glasglow, Ill. Nat. Hist., Bul. 11: 371. 
1919 Laohnosterna lanoeolata Hayes, Jour. Econ. Ent., 12: 109. 
1928 PhyUophaga lanooolata Sim, N. J. Dept. Agr., Circ. 145: 9. 
2 Specimen not seen. 
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Body robust, subopaque, brownish to piceous, with vestiture of elongate, 
yellowish scales. Clypeus subconcave, rather broadly and vaguely emargin-
ate, moderately reflexed; coarsely, deeply punctate; suture sinuate. Frons 
convex; punctures similar to those on clypeus. Antennae composed of ten 
segments. Pronotum subconvex, short and broad, widest in front of middle, 
sides angulate, crenate; punctures similar to those on frons, not so dense. 
Mesosternum with sparse vestiture of moderately long, scale-like hairs. 
Tooth of claw subbasal, small. Elytra granulate, rugulose, punctures simi-
lar to those on pronotum, much sparser; costae broad, feebly elevated, more 
or less glabrous. 
Length, 13-17 mm. ; width, 7-9 mm. 
Male: Antenna! club equal to stem. Abdomen with second, third, and 
fourth ventral segments with short, strongly elevated carina at middle; 
penultimate ventral segment with deep, transverse depression, apex abrupt-
ly and deeply emarginate; last ventral segment vaguely depressed, apex 
broadly and deeply emarginate. Hind tibia obliquely truncate; upper spur 
long, slender, slightly curved, acute; lower spur movable, slender, slightly 
curved, twisted at tip, acute, three-fourths length of upper. 
Female: Antenna! club shorter than funicle. Body ovate, wingless. 
Abdomen with second, third, and fourth ventral segments glabrous at 
middle, with piceous, roughened, elevated carinae; penultimate ventral 
segment vaguely concave; last ventral segment convex, apex broadly, not 
deeply emarginate. 
Collected only at Ames and Sioux City. Food plants unknown. 
Phyllophaga ephilida (Say) 
(Plate I, fig. 3) 
1825 Mewlontha ephilidla Say, Acad. Phil., Jour., 5: 196, in Le Conte ed. 2, 1869, p. 
298. 
1853 Phyll-Ophaga ephilida Melsheimer, Cat. Coleop. U. S.: 59 
1855 Trichestes ephilida Burmeister, Handb. Ent., 4: 359. 
1855 Trichestes ephilida var. longitarsis Burmeister, Handb. Ent., 4: 359. (not Say). 
1856 Lachrwsterna ephilida Le Conte, Acad. Phil., Jour., (2), 3: 241. 
1856 Lachrwsterna bwrmeisteri Le Conte, Aead. Phil., Jour., (2), 3: 144. 
1887 Laohnosterna ep'hilida Horn, Am. Ent. Soc., Trans., 14: 225. 
1887 Lachrwsterna ephilida Horn, Ent. Am., 3: 144. 
1889 Lachrwsterna ephilida Smith, U. S. Nat. Mus., Proc., 11: 496. 
1916 Lach'MSterna bwrmeisteri Davis, Jour. Econ. Ent., 9: 273. 
1916 Phyllophaga ephilida Glasglow, Ill. Nat. Hist., Bul. 11: 371. 
1927 Phyllophaga ep'hilida Langston, Miss. Agr. Expt. Sta., Tech. Bul. 15: 13. 
1928 Phyllophaga ephilida Sim, N. J. Dept. Agr., Circ. 145: 16. 
Body elongate, moderately shiny, rufocastaneous, head and thorax 
darker. Clypeus concave, broadly, feebly emarginate, broadly reflexed; 
punctures moderately fine, dense, not deeply impressed; suture subangulate. 
Frons subconvex; punctures similar to those on clypeus. Antennae com-
posed of ten segments. Pronotum short and convex, widest at middle, 
sides arcuate, entire ; more coarsely, not so closely punctate as frons. Meso-
sternum with sparce vestiture of yellowish hair. Tooth of claw intramedian, 
strong. Elytra with punctures finer and denser than on pronotum; sutural 
costae strong, discal, and submarginal costae broad, feebly elevated. 
Length, 14-19 mm.; width, 8-10 mm. 
Male: Antenna! club subequal to stem. Abdomen broadly flattened 
at middle; penultimate ventral segment with roughened, semicircular de-
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pression near apex, apex feebly emarginate; last ventral segment with 
rough, median depression, apex with moderately narrow and deep emar-
gination. Hind tibia squarely truncate ; upper spur long, lanceolate, sub-
acute; lower spur fixed, obliquely truncate, obtuse, one-third length of 
upper. 
F emale: Antennal club shorter than funicle. Penultimate ventral 
segment with shallow, transverse depression near apex; last ventral segment 
convex, apex entire. 
Jaques ( 1926) reported this insect as occurring in Iowa. 
Phyllophaga. longitarsa (Say) 
(Plate I, fig. 2) 
1824 Melolointha. lcmg•tarSOJ Say, Acad. Phil., Jour., 3: 241, in Le Conte ed. 2, 1889, p. 
141. 
1853 Phyll<Ypha.ga lcmgitarsa Melsheimer, Cat. Coleop. U. S.: 59. 
1855 Triohestes Wn.gitarsis Burmeister, Handb. Ent., 4, pt. 2: 359. 
1856 LaohM8terna lono•tarsis Le Conte, Acad. Phil., Jour., (2), 3: 240. 
1856 Laoh'Tli08terna Wn.u'tarsis var. frontalis Le Conte, Acad. Phil., Jour., (2), 3: 239. 
1887 La6hM8terna lonu'tarS'US Horn, Am. Ent. Soc., Trans., 14: 226. 
1889 Lachnosterna lon.gitarsis Smith, U. S. Nat. Mus., Proc., 11: 496. 
1916 Phyllophaga lcmgitarsa Glasglow, Ill. Nat. Hist., Bui. 11: 371. 
1916 Phyllophaga longitarsa Forbes, Ill. Agr. Expt. Sta., Bul. 186: 234. 
1925 Phyllophaga Wn.gi.tarsa Hayes, Kans . .Agr. Expt. Sta., Tech. Bul. 16: 23-28. 
1927 Phyll<Yphaga Wn.g•tarsa Langston, Miss. Agr. Expt. Sta., Tech. Bui. 15: 17. 
1928 Phyllophaga longitarsa Sim, N. J. Dept . .Agr., Circ .• 145: 11. 
Body slender, elongate, moderately shiny, pale yellow, head fuscous 
to piceous. Clypeus concave, abruptly and deeply emarginate, broadly 
reflexed ; smooth, to coarsely and feebly punctate; suture angulate. Frons 
convex; coarsely, densely, rather deeply punctate. Antennae composed of 
nine segments. Pronotum convex, widest at middle, sides subangulate, 
entire; punctures coarser, sparser, and more feebly impressed than on irons. 
Mesosternum with sparse vestiture of long yellowish hair. Tooth of claw 
different in male and female. Elytra rugulose, punctures much finer and 
denser than on pronotum; sutural costae strong, discal and submarginal 
costae indistinct. 
Length, 10-13 mm. ; width, 5-7 mm. 
Male: Antenna! club subequal to stem. Abdomen broadly flattened 
at middle; penultimate ventral segment with narrow, longitudinal, median 
depression; last ventral segment concave, apex broadly, feebly emarginate. 
Hind tibia obliquely truncate; upper spur lanceolate, curved, acute ; lower 
spur fixed, slender, lanceolate, acute, one-third length of upper. Tooth of 
claw near base. 
Female: Antennal club slightly shorter than funicle. Penultimate 
ventral segment with transverse, lateral depression; last ventral segment 
convex, apex entire. Tooth of claw nearly median. 
A small light brown species, collected at Columbus Junction, Ames, 
Iowa City and Sioux City. Nothing is known regarding its feeding habits. 
Phyllophaga gracilis (Burmeister) 
(Plate I, fig. 5) 
1855 Triohestea graoilis Burmeister, Handb. Ent., 4: 361. 
1856 EnilrOBa 110Zwla Le Conte, Acad. Phil., Jour., (2), 3: 335. 
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1856 Lachncsterna Wiana Le Conte, Acad. Phil., Jour., (2), 3: 242. 
1887 Lachn<>s'terna Wiana Horn, Am. Ent. Soc., Trans., 14: 242. 
1887 Lachnosterna Wuzm,a Hom, Ent. Am., 3: 144. 
1887 Endro.sa 1!0lvul.a Horn, Am. Ent. Soc., Trans., 14: 235. 
1887 Lachn.osterna graoilis Horn, Am. Ent. Soc., Trans., 14: 230. 
1887 Lachncsterna gracilis Horn, Ent. Am., 3: 143. 
1889 Lachnosterna graoilis Smith, U. S. Nat. Mus., Proc., 11: 497. 
1916 Phyllophaga graoilis Glasglow, Ill. Nat. Hist., Bul. 11: 372. 
1927 Phyllophaga graoilis Langston, Miss. Agr. Expt. Sta., Tech. Bul. 15: 23. 
1928 Phyl/,ophaga graoilis Sim, N. J. Dept. Agr., Circ. 145: 13. 
1928 Phyllophaga graoilis Luginbill, Ann. Ent. Soc. Am., 21: 84. 
Body elongate, moderately shiny, pale brown, head and thorax darker. 
Clypeus concave, rather deeply and abruptly emarginate, broadly reflexed; 
punctures moderately coarse, not deeply impressed; suture angulate. Frons 
broad, flat ; punctures similar to those on clypeus, not so dense. Antennae 
normally composed of ten segments. Pronotum convex, widest in front of 
middle, sides arcuate, vaguely crenate; punctures similar to those on frons, 
not so dense. Mesosternum with sparse vestiture of short, inconspicuous, 
yellowish hairs. Tooth of claw intramedian, small. Elytra with punctures 
similar to those on pronotum, denser; sutural costae strong, discal and 
submarginal costae indistinct. 
Length, 10-13 mm.; width, 5-6 mm. 
Male: Antennal club equal to stem. Abdomen flattened at middle; 
penultimate ventral segment with narrow, arcuate ridge; last ventral seg-
ment feebly depressed at middle, apex with shallow, rather broad emar-
gination. Hind tibia excavated at base of lower spur; upper spur long, 
lanceolate, curved, subacute; lower spur fixed, linear, decurved, subacute, 
equal to upper. 
Female: Antennal club equal to funicle. Penultimate ventral seg-
ment slightly depressed at sides; last ventral segment narrow, apex entire. 
One female specimen bearing the label ''Iowa'' is in the collection of 
Iowa State College. 
Pkyllophaga futilis (Le Conte) 
(Plate I, fig. 4) 
1850 Laohoosterna futilis Le Conte, Agassiz, Lake Superior: 226. 
1853 Phyllophaga futilis Melsheimer, Cat. Coleop. U. S.: 59. 
1855 Ancylonycha gibbosa Burmeister, Handb. Ent., 4: 324. 
1856 Laohnosterna deoidua Le Conte, Acad. Phil., Jour., (2), 3: 246. 
1856 Laohnosforna serrioornis Le Conte, Acad. Phil., Jour., (2), 3: 247. 
1856 Lachnosterna futilis Le Conte, Acad. Phil., Jour., (2), 3: 243. 
1873 Lachnosterna futilis Le Conte, Aead. Phil., Proc., 330. 
1887 Lachrwsterna futilis Horn, Ent. Am., 3: 144. 
1887 Laohnosterna serricornis Horn, Ent. Am., 3: 144. 
1887 Lachnosterna gibbooa Horn, Am. Ent. Soc., Trans., 14: 230. 
1887 Lachrwsterna gibbosa Horn, Ent. Am., 3: 143. 
1916 Laohnosterna gibbosa Davis, Jour. Econ. Ent., 9: 275. 
1916 Phyllophaga futilis Glasglow, Ill. Nat. Hist., Bul. 11: 371. 
1916 Phyllophaga futilis Forbes, Ill. Agr. Expt. Sta., Bul. 186: 225. 
1927 Phyllophaga futilis Langston, Miss. Agr. Expt. Sta., Tech. Bul. 15: 25. 
1928 Phyllophaga futili.s Sim, N. J. Dept. Agr., Circ. 145: 43. 
Body ovate, moderately shiny, rufotestaceous, head darker. Clypeus 
fl.at, feebly and abruptly emarginate, moderately reflexed; closely, rather 
coarsely punctate; suture sinuate. Frons convex; punctured similar to 
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clypeus. Antennae composed of ten segments. Pronotum irregularly con-
vex, widest in front of middle, sides arcuate, entire or vaguely irregular; 
punctures similar to those on frons, much sparser. Tooth of claw median, 
long. Elytra rugulose, punctures similar to those on pronotum, more closely 
placed; sutural costae strong, narrow, discal costae wide, elevated, sub-
marginal costae indistinct. 
Length, 12-17 mm.; width, 7-9 mm. 
Male: Antennal club subequal to stem. Abdomen with moderately 
broad, median, longitudinal depression; penultimate ventral segment with 
arcuate roughened ridge; last ventral segment with deep cupuliform con-
cavity, with elevation overhanging at apex. Hind tibia excavated; upper 
spur broad, lanceolate, obtuse; lower spur fixed, lower half strongly arcuate, 
apical half straight, subequal to upper. 
Female: Antennal club shorter than funicle. Penultimate ventral 
segment with transverse depression; last ventral segment convex, apex ex-
cavated on either side of middle, leaving median triangular tooth. 
Many specimens from Ames, Des Moines, Central City, Leon, Clermont, 
Muscatine, Hampton, Mt. Pleasant, Amana, Bloomfield, Pleasant Valley, 
Dubuque, Dyersville, Davenport, Atlantic, Farmersburg, Marshalltown, 
Waverly, Missouri Valley, Onawa, Chariton, Grinnell, Sioux City, Oakland, 
Creston, Keokuk, Morning Sun, Mt. Union, Iowa City, Kossuth County, 
Appanoose County, Lee County, Cerro Gordo County, Clayton County, 
Fremont County, Sioux County, Monroe County, Floyd County, Des Moines 
County, Wapello County, Page County, and Lyon County. Collected feed-
ing on bur oak, elm, butternut, hawthorne, gooseberry, hazel, cherry, plum, 
privet, Cornus, Caragana, apple, linden, birch, buckeye, and wild plum. 
Phyllophaga crnigrua (Le Conte) 
(Plate II, fig. 6) 
1850 AncyTml!ycha fernens Blanchard, Cat. Coll. Ent., 1: 133 (preoccupied). 
1856 Lachnosterna congrua Le Conte, Acad. Phil., Jour., (2), 3: 243. 
1873 Ancylonycha oongrua Le Conte, Acad. Phil., Proc., 330. 
1887 Lachnosterna or.mgrua Horn, Am. Ent. Soc., Trans., 14: 232. 
1887 Lachnosterna cong'T"OO Horn, Ent. Am. 3: 144. 
1889 Lcwhrwsterna <XYngr'lla Smith, U. S. Nat. Mus., Proc., 11: 498. 
1916 Lachrwsterna congrna Davis, Jour. Econ. Ent., 9: 273. 
1916 Phyl"lophaga 001¥!T'lla Glasglow, Ill. Nat. Hist., Bul. 11: 372. 
1916 Phyl"lophaga oongrna Forbes, Ill. Agr. Expt. Sta., Bul. 186: 233. 
1927 Phyl"lophaga congrna Langston, Miss. Agr. Expt. Sta., Tech. Bul. 15. 27. 
1928 Phyl"lophaga <XYng'T"OO Sim, N. J. Dept. Agr., Circ. 145: 37. 
Body rather robust, moderately shiny, castenous to piceous. Clypeus 
concave, with moderately broad, shallow emargination, broadly reflexed; 
punctures coarse and dense, not deeply impressed; suture sinuate. Frons 
convex; more closely and coarsely punctate than clypeus. Antennae com-
posed of ten segments. Pronotum irregularly convex, widest at base, sides 
sinuous, margin entire; punctures similar to those on frons, not so dense 
or so deeply impressed. Tooth of claw moderately strong, median. Elytra 
rugulose, punctures similar to those on pronotum ; sutural costae broad, 
strong, discal costae vague, submarginal costae narrow. 
Length, 15-19 mm.; width, 8-11 mm. 
Male: Antenna! club subequal to stem. Abdomen with moderately 
broad, median depression; penultimate ventral segment acutely notched 
at middle by longitudinal, median depression, with roughened, semicircular 
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area near apex; last ventral segment with deep, triangular depression, apex 
sinuous, bilobed at middle. Hind tibia with deep excavation at base of 
fixed spur; upper spur slender, lanceolate, slightly decurved, acute; lower 
spur fixed, linear-lanceolate, slightly twisted and decurved, acute, three-
fourths length of upper. 
Female: Antennal club shorter than funicle. Abdomen with vague, 
longitudinal depression; penultimate ventral segment feebly depressed 
laterally; last ventral segment broadly, and shallowly emarginate. 
Known only from Missouri Valley and Onawa. Found feeding on the 
leaves of ash and walnut. 
Phyllophaga prunina (Le Conte) 
(Plate II, fig. 7) 
1846 ..4.1WY!JW'lvgo7ia pruNn.osa Melsheimer, Acad. Phil., Proc., 2: 139 (preoccupied). 
1850 Ancylonyoha prwinwsa Blanchard, Cat. Coll. Ent., 1: 133. 
1853 Phyllophaga prwinwsa Melsheimer, Cat. Coleop. U. S .. 59. 
1855 Ancgl01V!Joha fraterna. Burmeister, Handb. Ent., 4, pt. 2: 322 (not Harris). 
1856 Laohrwsterna. p'l'W7l!i.na Le Conte, Acad. Phil., Jour. (2), 3: 251. 
1887 Lachrwsterna prunina Horn, Am. Ent. Soc., Trans., 14: 234. 
1887 Lachnosterna p1"1111Wna Horn, Ent. Am., 3: 144. 
1889 Lach'TW8terna prwnitrta Smith, U. S. Nat. Mus., Proc., 11: 498. 
1916 Phyllophaga prwnNna Glasglow, Ill. Nat. Hist., Bul. 11: 371. 
1916 Phyll-Ophaga p'l'W7l!i.na Forbes, Ill. Agr. Expt. Sta., Bul. 186: 234. 
1927 Phyllophaga prwnNna. Langston, Miss. Agr. Expt. Sta., Tech. Bul. 15: 29. 
Body ovate, elytra pruinose, head, pronotum, scutellum, and pygidium 
shiny, castaneous to piceous. Clypeus flat, rather abruptly and deeply 
emarginate, narrowly reflexed; coarsely, moderately deeply punctate; suture 
angulate. Frons convex; coarser and more deeply punctate than clypeus. 
Antennae composed of ten segments. Pronotum irregularly convex, widest 
at middle, sides subangulate, serrate; punctures variolate, not so dense as 
on frons. Tooth of claw median, strong. Elytra rugulose, finely and 
moderately closely punctate; costae distinct, broad, feebly elevated. 
Length, 17-18 mm.; width, 9-11 mm. 
Male: Antennal club subequal to stem. Abdomen broadly flattened 
at middle; penultimate ventral segment with strongly elevated, roughened, 
transverse ridge; last ventral segment concave, elevated at base, apex broad-
ly, rather deeply emarginate. Hind tarsa deeply excavated at base of lower 
spur; upper spur slender, lanceolate, subacute; lower spur cylindrical, 
subacute, one-half length of upper. 
Female: Antennal club shorter than funicle. Penultimate ventral 
segment feebly, transversely depressed; last ventral segment deeply de-
pressed at middle, apex broadly and deeply emarginate. 
Specimens have been taken at Leon, Ames, Dyersville, Manchester, 
Mt. Pleasant, and Keosauqua. Collected on the leaves of white oak, hazel 
and hawthorne. 
Phylwphaga crassissima (Blanchard) 
(Plate II, fig. 8) 
1850 AnoyW'lvgcha crassi.ssima Blanchard, Cat. Coll. Ent., 1: 133. 
1850 ..4.1WY!Jlonycha feroi,da Blanchard, Cat. Coll. Ent., 1: 133 (not Fab.). 
1853 Phyllophaga crassi.ssima Melsheimer, Cat. Coleop. U. S.: 59. 
1856 Lachrwsterna obesa Le Conte, Acad. Phil., Jour., (2), 3: 251. 
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1856 Lachnosterna robusta Le Conte, .A.cad. Phil., Jour., (2), 3: 257. 
1873 Lachnosterna obesa Le Conte, .A.cad. Phil., Pr-0c.: 330. 
1875 Lachnosterna robusta Horn, Am. Ent. Soc., Trans., 5: 143. 
1887 Lachnosterna obesa Horn, Ent. Am., 3: 144. 
1887 Lachnosterna robusta H-Orn, Ent. Am., 3: 145. 
1887 Lachnosterna generosa Horn, Am. Ent. Soc., Trans., 14: 222. 
1887 Lachrwsterna crassissi77WN Horn, Am. Ent. Soc., Trans., 14: 239. 
1889 Lachnosterna crassissi77WN Smith, U. S. Nat. Mus., Proc., 11: 499. 
1916 Lach~erna orassissi77WN Davis, J~mr. Econ. Ent., 9: 273. 
1916 Phyllophaga crassissi77WN Glasglow, Ill. Nat. Hist., Bul. 11: 372. 
1916 Phyllophaga orassissi;ma Forbes, Ill . .A.gr. Expt. Sta., Bul. 186: 233. 
1922 Lachnosterna crassissimo. Hayes, Am. Mier. Soc., Trans., 41: 1·29. 
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Body ovate, robust, feebly iridescent, pruinose, rufocastaneous. Clypeus 
concave, rather abruptly and shallowly emarginate, broadly reflexed; punc-
tures moderately coarse, closely placed, not deeply impressed; suture sub-
angulate. Frons subconvex; punctures coarser and less deeply impressed 
than on clypeus. Antennae composed of ten segments. Pronotum short, 
broad, convex, widest in front of middle, sides arcuate, crenate ; punctures 
similar to those on frons, evenly placed, but not so deeply impressed. Tooth 
of claw strong, different in male and female. Elytra slightly rugulose, less 
densely punctate than pronotum; sutural costae strong, discal and sub-
marginal costae indistinct. 
Length, 15-21 mm.; width, 9-12 mm. 
Male: Antennal club longer than stem. Abdomen flattened at middle; 
penultimate ventral segment with feeble, roughened, transverse ridge; last 
ventral segment with smooth, median depression, rather broadly, moderately 
deeply emarginate. Hind tibia squarely truncate; upper spur slender, 
slightly curved, acute; lower spur fixed, sublinear, obtuse, about one-half 
length of upper. Tarsal claw with tooth intramedian. 
Female: Antennal club subequal to funicle. Penultimate ventral seg-
ment with vague, median, longitudinal depression; last ventral segment 
slightly flattened, with moderately wide, deep depression. Tarsal claw with 
tooth median. 
Taken only at lights; Pleasant Valley, Bloomfield, Sioux City, Daven-
port, Keosauqua and Muscatine. 
Phylwphaga inversa (Horn) 
(Plate II, fig. 9) 
1887 Laohnosterna Vlwersa Horn, Am. Ent. 1Soc., Trans., 14: 241. 
1889 Lachnosterna in1!ersa Smith, U. S. Nat. Mus., Proc., 11: 500. 
1916 Laohnosterna i-lwersa Davis, Jour. Econ. Ent., 9: 276. 
1916 Phyll<>phaga in1!ersa Glasglow, Ill. Nat. Hist., Bul. 11. 373. 
1916 Phyllophaga in1!111·sa Forbes, Ill . .A.gr. Expt. Sta., Bul. 186: 224. 
1928 Phyllophaga in1!ersa Sim, N. J. Dept . .A.gr., Circ. 145: 36. 
Body ovate, moderately shiny, rufocastaneous to dark brown. Clypeus 
subconcave, rather abruptly and shallowly emarginate, broadly reflexed; 
punctures moderately coarse, not deeply impressed; suture sinuate. Frons 
convex; more coarsely and closely punctate than clypeus. Antennae com-
posed of ten segments. Pronotum irregularly convex, short and broad, 
widest at middle, sides angulate, vaguely crenate; coarser, more sparsely, 
and not so deeply punctate as frons. Tooth of claw median, moderately 
large. Elytra rugulose, punctures indistinct, finer, more closely placed 
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and not so deeply impressed as on pronotum; sutural costae broad, strong, 
discal and submarginal costae broad, moderately elevated. 
Length, 15-18 mm.; width, 8-11 mm. 
Male: Antenna! club subequal to stem. Abdomen with broad, median 
depression; penultimate ventral segment with median, semicircular, rough-
ened depression; last ventral segment with broad, transverse depression, 
apex slightly sinuous. Hind tibia obliquely truncate; upper spur slender, 
lanceolate, twisted at apex, acute; lower spur :fixed, broad, curved, obtuse, 
one-half length of upper. 
Female: Antennal club shorter than funicle. Penultimate ventral 
segment with transverse depression; last ventral segment convex, apex 
broadly and feebly emarginate. 
Recorded from Leon, Ames, Dubuque, Dyersville, Iowa City, Chariton, 
Davis County, and Appanoose County. The known host plants are white 
oak, hickory, willow, hazel, hawthorne, cherry, Caragana, plum, and walnut. 
Phyllophaga bipartita (Horn) 
(Plate III, fig. 10) 
1887 Laoh'TliOSterru:i bipai'tita Hom, Am. Ent. Soc., Trans., 14: 242. 
1889 Laohrwsterru:i bipartita Smith, U. S. Nat. Mus., Proc., 11: 500. 
1916 Lachnosterna bipartita Davis, Jour. Econ. Ent., 9: 272. 
1916 Plvylwphaga bipartita Glasglow, Ill. Nat. Hist., Bul. 11: 373. 
1916 Phyll-Ophaga bipartita Forbes, Ill. Agr. Expt. Sta., Bul. 186: 228. 
1925 Phyllophaga bipartita Hayes, Kans. Agr. Expt. Sta., 'Tech. Bul. 16: 28. 
1927 Phyllophaga bipartita Langston, Miss. Agr. Expt. Sta., Tech. Bul. 15: 34. 
1928 Phyllophaga bipartita Sim, N. J. Dept. Agr., Circ. 145: 29. 
Body oblong, moderately shiny, castaneous to piceous. Clypeus sub-
concave, broadly, not deeply emarginate, moderately reflexed; coarsely, 
rather deeply punctate; suture sinuate. Frons with punctures similar to 
those on clypeus. Antennae composed of ten segments. Pronotum irregu-
larly convex, widest at middle, sides arcuate, crenate; punctured similar 
to frons. Tooth of claw long, median. Elytra somewhat rugulose, punc-
tures similar to those on pronotum, less deeply impressed; sutural costae 
strong, first discal costae broad, distinct, submarginal costae indistinct in 
posthumeral r egion. 
Length, 15-19 mm.; width, 8-10 mm. 
Male: Antennal club equal to stem. Abdomen with moderately broad, 
longitudinal depression; penultimate ventral segment with roughened, trans-
verse carina, narrowly divided at middle; last ventral segment concave, 
with vague longitudinal depression, apex acutely emarginate. Hind tibia 
obliquely truncate; upper spur flattened, slightly curved, lanceolate, sub-
acute ; lower spur fixed, broad, lanceolate, curved, acute, two-thirds length 
of upper. 
F emale : Antennal club slightly shorter than funicle. P enultimate 
ventral segment with feeble, transverse depression extending obliquely fore-
ward; last ventral segment excavated on each side of middle, leaving broad, 
triangular, median tooth at apex. 
Taken at McGregor, Dyersville, Keokuk, and Keosauqua on white oak, 
the only known food plant in the state. 
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Phyllophaga rnicans (Knoch) 
(Plate III, fig. 11) 
1801 Mel-Olcmtha mkatns Knoch, Neue Beytr. Ins., 1: 77. 
1817 Melol.ontha micans Schonherr, Syn. Ins., 1: 171. 
1850 Ancylcmycha mioans Blanchard, Cat. Coll. Ent., 1: 138. 
1855 Ancylonycha miOOlnS Burmeister, Handb. Ent., 4, pt. 2: 323. 
1856 Laohrwsterrr;a sorori.a Le Conte, Acad. Phil., Jour., (2), 3: 246. 
1856 Lachnosterna miOOlnS Le Conte, Acad. Phil., Jour., (2), 3: 247. 
1887 LachMsterna micans Horn, Am. Ent. Soc., Trans., 14: 242. 
1887 Lachnosterna mioans Horn, Ent. Am., 3: 142. 
1889 Lachnosterna miOOlnS Smith, U. S. Nat. Mus., Proc., 11: 500. 
1916 Phyllophaga micans Glasglow, Ill. Nat. Hist., Bul. 11: 371. 
1916 Phyllophaga micams Forbes, Ill. Agr. Expt. Sta., Bul. 186: 227. 
1927 Phyllophaga micans Langston, Miss. Agr. Expt. Sta., Tech. Bul. 15: 35. 
1928 Phyllophaga micans Luginbill, Ann, Ent. Soc. Am., 21: 76. 
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Body elongate, pruinose, brownish-black. Clypeus concave, feebly and 
broadly emarginate, moderately reflexed; punctures moderately coarse and 
deeply impressed; suture sinuous. Frons convex; slightly more coarsely 
and sparsely punctate than clypeus. Antennae composed of ten segments. 
Pronotum irregularly convex, widest at middle, sides arcuate, entire, much 
coarser and more sparsely punctate than frons. Tooth of claw median, 
strong. Elytra with punctures like pronotum but finer; sutural costae 
broad, not strongly elevated, discal and submarginal costae broad, indistinct. 
Length, 15-17 mm. ; width, 8-9 mm. 
Male: Antennal club shorter than stem. Abdomen broadly flattened 
at middle; penultimate ventral segment with feebly elevated, roughened, 
arcuate ridge; last ventral segment deeply depressed at middle, apex broad-
ly, rather deeply emarginatc. Hind tibia obliquely truncate; upper spur 
lanceolate, curved, subacute; lower spur fixed, broad, squarely truncate, 
one-half length of upper. 
Female: Antenna! club shorter than funicle. Abdomen with vague 
longitudinal depression; penultimate ventral segment feebly and transverse-
ly depressed; last ventral segment strongly elevated at base, feebly flattened 
at middle, apex rather deeply and broadly emarginate. 
Collections have been made at Leon, Iowa City, Mt. Pleasant, and 
Keosauqua. Found feeding on hickory and shingle oak. 
Phyllophaga vehemens (Horn) 
(Plate ill, fig. 12) 
1887 Lach'Tl!08terna vehemens Horn, Am. Ent. Soc., Trans., 14: 244. 
1889 Lachnosterna vehemens Smith, U. S. Nat. Mus., Proc., 11: 501. 
1916 Lachnosterna vehemens Davis, Jour. Econ. Ent., 9: 277-278. 
1916 Phyllophaga vehemens Glasglow, Ill. Nat. Hist., Bul. 11. 373. 
1916 Phyllophaga vehemens Forbes, Ill. Agr. Expt. Sta., Bui. 186: 231. 
1925 Phyll,ophaga vehemens Hayes, Kans. Agr. Expt. Sta., Tech. Bul. 16: 35-41. 
1927 Phyllophaga vehemens Langston, Miss. Agr. E xpt. Sta., Tech. Bul. 15: 38. 
1928 Phyllophaga vehemens Sim, N. J. Dept. Agr., Circ. 145: 28. 
1928 Phyllophaga vehemens Luginbill, Ann. Ent. Soc. Am. 21: 67. 
Body ovate, widened posteriorly, shiny, dark brown to piceous. Clypeus 
subconcave, rather broadly, not deeply emarginate; punctures moderately 
coarse, not deeply impressed; suture angulate. Frons convex; punctures 
similar to those on clypeus, more deeply impressed and less dense near 
suture. Antennae composed of ten segments. Pronotum convex, widest 
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in front of middle, sides arcuate, vaguely crenate: punctures finer, not so 
deeply impressed as on frons. Tooth of claw median, strong. Elytra rugu-
lose, punctures similar to those on pronotum, finer ; sutural costae broad, 
distinct, discal and submarginal costae broad, feebly elevated. 
Length, 21-23 mm. ; width, 11-13 mm. 
Male: Antennal club shorter than stem. Abdomen broadly flattened 
at middle; penultimate ventral segment with strong, sinuate, roughened 
ridge; last ventral segment with cupuliform depression, apex broadly, not 
deeply cmarginate. Hind tibia squarely truncate; upper spur long, linear, 
obtuse; lower spur fixed, linear, hooked at tip, three-fourths as long as 
upper. Metathoracic femur broadly angulate. 
Female: Antenna! club shorter than funicle. Penultimate ventral 
segment with transverse depression; last ventral segment convex, apex 
broadly, not deeply emarginate. 
This species has been collected at Onawa, Missouri Valley, Sioux City, 
Oskaloosa, Wapello County, Van Buren County, and Iowa County. Taken 
on ash and walnut. 
Phyl"lophaga fusca (Froelich) 
(Plate III, fig. 13) 
1789 Melolontha fer1Jida Oliver, Entom., 1: 24 (preoccupied). 
1792 Melolontha f'USoa Froelich, Natur., Stueck., 26: 99. 
1817 Me1..olontha fe'l'vens Gyllenhall, Syn. Ins., 1, pt. 3: 74. 
1837 Rhizotrog'US fe'l''IJens Kirby, Faun. Bor.-Am., 4: 132. 
1850 .An<Y!Jlmllyoha f'U80(}, Blanchard, Cat. Coll. Ent., 1: 133. 
1856 Lach'TIJOSterna f'USoa Le Conte, Acad. Phil., Jour., (2), 3: 244. 
1884 Lach'IW8terna f'USoa Casey, N. Am. Coleop., pt. 1: 39. 
1887 LachTWsterna f'USoa Horn, Am. Ent. Soc., Trans., 14: 245. 
1887 Laohnosterna f'USoa Horn, Ent. Am., 3: 144. 
1889 Laohnosterna f!USoa Smith, U. S. Nat. Mus., Proc., 11: 505. 
1916 Lachnosturna f'USoa Davis, Jour. Econ. Ent., 9: 274. 
1916 Phyllophaga f'USoa Glasglow, Ill. Nat. Hist., Bu!. 11: 373. 
1916 Phyllophaga fa,t.soa Forbes, Ill. Agr. Expt. Sta., Bu!. 186: 223. 
1925 Phyllophaga f 1UJoa Hayes, Kans. Agr. Expt. Sta., Tech. Bui. 16: 41-45. 
1928 Phyllnphaga f'USoa Sim, N. J. Dept. Agr., Circ. 145: 24. 
1928 Phyllophaga f'USoa Luginbill, Ann. Ent. Soc. Am., 21: 66. 
Body oblong, shiny, light brown to piceous. Clypeus concave, broadly 
and feebly emarginate, broadly reflexed; punctures moderately fine, not 
deeply impressed; suture subangulate. Frons convex; punctures similar 
to those on clypeus. Antennae composed of ten segments. Pronotum ir-
regularly convex, widest at middle, sides arcuate, indented where hairs 
arise from margin ; punctures similar to those on frons, more sparse. Tooth 
of claw median, strong. Elytra vaguely rugulose; punctures denser, not 
so coarse as on pronotum; sutural costae strong, first discal costae wide, 
feebly elevated, submarginal costae narrow, distinct. 
Length, 17-23 mm. ; width, 10-12 mm. 
Male: Antennal club subequal to stem. Abdomen broadly flattened 
at middle; penultimate ventral segment with transverse ridge, roughened 
at middle, overhanging at ends; last ventral segment with roughened, me-
dian depression, apex entire. Hind tibia obliquely truncate; upper spur 
long, slender, acuminate; lower spur fixed, slightly curved, obliquely trun-
cate, two-thirds length of upper. 
Female: Antenna! club shorter than funicle. Abdomen with vague, 
median depression; penultimate ventral segment with transverse depression 
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extending obliquely forward to base; last ventral segment convex, apex 
rather broadly and feebly emarginate. 
Common, known from Central City, Ames, Des Moines, Leon, Sioux 
City, Hampton, Marquette, Amana, Bloomfield, Dubuque, Dyersville, Dav-
enport, Edgewood, Manchester, Keokuk, Farmersburg, Waukon, Oneida, 
Arlington, Iowa City, Mt. Pleasant, Stockport, Chariton, Muscatine, Grin-
nell, Clermont, Oakland, New Hampton, Mt. Union, Boone County, Taylor 
County, Allamakee County, Iowa County, Des Moines County, Powesheik 
County, Van Buren County, Louisa County and Hamilton County. The 
host plants include bur oak, hickory, elm, willow, butternut, shingle oak, 
red oak, white oak, walnut, silver poplar, large-toothed aspen, gooseberry, 
hazel, poplar, privet, plum, box elder, birch, Caragana, linden, cherry, haw-
thorne, quaking aspen, Cornus and wild plum. 
Phyllophaga h<>rnii (Smith) 
(Plate IV, fig. 14) 
1889 Laoh:nosterna hornM Smith, Ent. Am., 5: 95. 
1889 Lachnosterna horni-i Smith, U. S. Nat. Mus., Proe., 11: 510. 
1912 Lachrwsterna h-Orni Junk, Cat. Coleop., pt. 49: 192. 
1916 Phyl/b.phaga 'hornii ·Glasglow, Ill. Nat. Hist., Bui. 11: 373. 
1916 PhyUcphafHJ> ~ Forbes, Ill . .Agr. Expt. Sta., Bui. 186: 234. 
1927 Phyll<>phaga horrWi Langston, Miss . .Agr. Expt. Sta., Teeh. Bui. 15: 40. 
1928 Phylwphaga lwrnM: Sim, N. J. Dept . .Agr., Cire. 145: 21. 
Body oblong, moderately shiny, deep brown to piceous. Clypeus flat, 
moderately broad, not deeply emarginate, narrowly reflexed; punctures 
coarse, dense, rather deeply impressed; suture sinuate. Frons subconvex; 
punctures similar to those on clypeus, but less dense. Antennae composed 
of ten segments. Pronotum convex, widest back of middle, sides broadly 
angulate, feebly crenate; punctures much coarser, not so dense as on frons. 
Tooth of claw median, long. Elytra rugulose, with punctures as dense as 
on pronotum, much finer, not so deeply impressed; sutural, discal, and sub-
marginal costae wide, moderately strong. 
Length, 19-21 mm. ; width, 10-12 mm. 
Male: Antenna} club slightly longer than funicle. Abdomen broadly 
flattened at middle ; penultimate ventral segment with strong arcuate ridge 
broadly divided, smooth at middle; last ventral segment deeply, rather 
broadly depressed at middle, apex deeply and abruptly emarginate. Hind 
tibia squarely truncate; upper spur flattened, curved, subacute; lower spur 
lanceolate, obtuse, one-half length of upper. 
Female: Antenna! club shorter than funicle. Penultimate ventral 
segment with strong, transverse depression near apex; last ventral segment 
with shallow, transverse depression near apex, apex sinuate. 
A large dark species, taken at Leon, Mt. Pleasant, Mahaska County, 
and Davis County on hickory and shingle oak. 
Phyllophaga f ervida (Fabricius) 
(Plate IV, fig. 15) 
1775 Melolontoo ferfli<la Fabri<lius, Speeies Ins.: 32. 
1801 Mewlontha queroima Knoeh, Neue Beytr. Ins., 1: 74. 
1826 Phyll<>phaga quercina Harris, Mass . .Agr. Jour. and Rpts., 10: 1-12. 
1853 Phyllbphaga ferflida Melsheimer, Cat. Coleop. U. S.: 59. 
1855 A.ncylonycha queroina Burmeister, Handb. Ent., 4, pt. 2: 319. 
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1888 Lachnosterna arouata Smith, Ins. Life, 1: 183. 
1889 Lachn.osterna arcuata Smith, U.S. Nat. Mus., Proc., 11: 503. 
1889 Lachnosierna fervida Chittenden, U. S. Dept. Agr., Bur. Ent. Bul. 19: 1-77. 
1916 Phylwphaga fervitlJa Glasglow, Ill. Nat. Hist., Bul. 11: 370. 
1916 Phylwphaga fervida Forbes, Ill. Agr. Expt. Sta., Bul. 186: 230. 
1927 Phyllophalga fervWla Langston, Miss. Agr. Expt. Sta., Tech. Bul. 15: 42. 
1928 Phyllophaga fervida Sim, N. J. Dept. Agr., Circ. 145: 28. 
1928 Phyllophaga fervida Luginbill, Ann. Ent. Soc. Am., 21: 65. 
Body ovate, shiny, brown to piceous. Clypeus flat, abruptly, not deeply 
emarginate, narrowly reflexed; punctures moderately fine, not deeply im-
pressed; suture sinuate. Frons convex; punctures similar to those on 
clypeus, less dense. Antennae composed of ten segments. Pronotum con-
vex, widest at middle, sides broadly arcuate, irregular; punctures similar 
to those on frons. Tooth of claw median, strong. Elytra rugulose, punc-
tures finer and denser than on pronotum; sutural costae broad, strong, discal 
and submarginal costae moderately broad, indistinct. 
Length, 18-21 mm. ; width, 10-11 mm. 
Male: Antennal club slightly longer than stem. Abdomen broadly 
flattened at middle; penultimate ventral segment with transverse, arcuate, 
overhanging ridge reaching hind margin of segment; last ventral segment 
flattened, apex broadly, moderately deeply emarginate. Hind tibia obliquely 
truncate; upper spur lanceolate, obtuse; lower spur lanceolate, subacute, 
two-thirds length of upper. 
Female: Antennal club shorter than funicle. Penultimate ventral 
segment transversely depressed; last ventral segment convex, apex broadly 
and deeply emarginate. 
Collected in Hamilton and Van Buren Counties. Food plants unknown. 
Phyllophaga anxia (Le Conte) 
(Plate IV, 1ig. 16) 
1850 Lachnosierna anxia Le Conte, Agassiz, Lake Superior: 226. 
1850 A.ncylonycha brevicollis Blanchard, Cat. Coll. Ent., 1: 132. 
1850 A.noylonyoha pivnctioolli.s Blanchard, Cat. Coll. Ent. 1: 133. 
1853 Phyllophaga anxia Melsheimer, Cat. Coleop. U. S. : 59. 
1855 A.noy"Wnycha pwncticollis Burmeister, Handb. Ent., 4, pt. 2: 319. 
1855 A.noylonycha brevicollis Burmeister, Handb. Ent., 4, pt. 2: 322. 
1856 LachnostfN'OO anxia Le Conte, Acad. Phil., J-0ur., (2), 3: 245. 
1856 Lachnosterna brevioollis Le Conte, Acad. Phil., Jour., (2), 3: 245. 
1856 Laohri.osierna pwnoticollis Le Conte, Acad. Phil., Jour., (2), 3: 245. 
1856 Laohnosterna cephalica Le Conte, Acad. Phil., J-0ur., (2), 3: 256. 
1866 A.noylonyoha ivninotata Walker, Natur. in Vane. Isl., B. C., 2: 323. 
1873 Laohnosterna pwncticollis Le Conte, Acad. Phil., Proo. : 330. 
1873 Lachnwterna brevioollis Le Conte, Acad. Phil., Proc.: 350. 
1884 Laohnosterna ana;ia Casey, N. Am. Coleop., pt. 1: 29. 
1887 Lachno&terna cep'halica Horn, Ent. Am., 3: 144, 
1888 Lachno&terna &ubia Smith, Ins. Life, 1: 183. 
1889 Lachno&terna &ubia Smith, U. S. Nat. Mus., Proc., 11: 504. 
1889 Laohnosterna ilnseparata 1Smith, Ent. Arn., 5: 93. 
1897 Dachnosterna alpina Linell, U. S. Nat. Mus., Proo., 18: 726. 
1916 Phyllophaga anxia Glasglow, Ill. Nat. Hist., Bul. 11: 371. 
1916 Phyllophaga ana;ia Forbes, Ill. Agr. Expt. Sta., Bul. 186: 227. 
1927 Phyllophaga anxia Langston, Miss. Agr. Expt. Sta., Tech. Bul. 15: 47. 
1928 Phyllophaga anxia Luginbill, Ann. Ent. Soc. Am., 21: 71. 
1928 Phyllophaga a;na;ia Sim, N. J. Dept. Agr., Circ. 145: 29 
Body oblong, shiny, light brown to piceous. Clypeus concave, rather 
abruptly, not deeply emarginate, moderately reflexed; punctures moderate-
PHYLLOPHAGA OF IOWA 329 
ly coarse, evenly placed, denser at base, not deeply impressed; suture sinu-
ate. Frons convex; less densely, more irregularly punctate than base of 
clypeus. Antennae composed of ten segments. Pronotum convex, widest 
in front of middle, sides angulate, vaguely indented; punctures evenly 
placed, feebly impressed, not so dense as on frons. Tooth of claw moderate-
ly strong, median. Elytra rugulose, punctures similar to those on pro-
notum, not so coarse or so deeply impressed ; sutural, discal, and submar-
ginal costae prominent and narrow. 
Length, 19-24 mm. ; width, 10-12 mm. 
Male: Antennal club slightly longer than stem. Abdomen broadly 
flattened at middle; penultimate ventral segment with arcuate, transverse 
ridge not reaching hind margin, overhanging at ends, roughened at middle; 
last ventral segment with smooth median depression, apex broadly, not 
deeply emarginate. Hind tibia obliquely truncate; upper spur flattened, 
lanceolate, slightly curved, subacute; lower spur fixed, broad, lanceolate, 
curved, obtuse, two-thirds length of upper. 
Female: Antennal club much shorter than funicle. Abdomen with 
vague, median depression; penultimate ventral segment transversely de-
pressed at apex; last ventral segment with apex broadly, not deeply emar-
ginate. 
Locality records are: Marquette, Leon, Ames, Edgewood, Manchester, 
Ruthven, Farmersburg, Arlington, Dubuque, Iowa City, Mt. Pleasant, 
Chariton, New Hampton, Van Buren County, and Davis County. Hazel, 
wild plum, white oak, quaking aspen, elm, willow, large-toothed aspen, lin-
den, privet, and poplar are the known host plants in Iowa. 
Phyllophaga drakii (Kirby) 
(Plate V, fig. 18) 
1837 Rhizotrog!US ilirakii Kirby, Fauna Br.-Am., pt. 4: 133. 
1850 Laohnosterna oonsimilis Le Conte, Agassiz, Lake Superior: 226. 
1853 PhylU>phaga oonsimilis Melsheimer, Cat. Coleop. U. S.: 59. 
1856 Laohnosterna drakii Le Conte, Acad. Phil., Jour., (2), 3: 245. 
1884 Lachnostema oonsimilis Casey, N. A. Coleop., pt. 1. 39. 
1884 Laohnosterna drakei Casey, N. A. Coleop., pt. 1: 39. 
1888 Laohnosterna grandis Smith, Ins. Life, 1: 181. 
1889 Laohnosterna grandis Smith, U. S. Nat. Mus., Proc., 11: 505. 
1912 Laohnosterna drakei Junk, Coleop. Cat., pt. 49: 190. 
1916 Laohrwgterna grandis Davis, Jour. Econ. Ent., 9: 275. 
1916 Phyllophaga drakii Glasglow, Ill. Nat. Hist., Bul. 11: 371. 
1916 Phyllophaga drakii Forbes, Ill. Agr. Expt. Sta., Bul. 186: 232. 
1927 Phyllophaga drakU Langston, Miss. Agr. Expt. Sta., Tech. Bul. 15: 44. 
1928 Phyllophaga drakei. Sim, N. J. Dept. Agr., Circ. 145: 25. 
Body oblong, shiny, light to dark brown. Clypeus concave, abruptly, 
rather deeply emarginate, moderately reflexed; densely and finely punc-
tate; suture subangulate. Frons convex; punctures similar to those on 
clypeus, slightly coarser. Antennae composed of ten segments. Pronotum 
convex, widest in front of middle, sides arcuate, entire; punctures irregular-
ly placed, much finer, sparser, and not so deeply impressed as on frons. 
Tooth of claw median, long and strong. Elytra vaguely rugulose, more 
closely and finely punctate than pronotum; sutural costae narrow, strong, 
discal, and submarginal costae indistinct. 
Length, 26-27 mm.; width, 12-14 mm. 
Male: Antennal club longer than stem. Abdomen broadly flattened 
at middle; penultimate ventral segment with transverse ridge roughened 
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at middle; overhanging at ends; last ventral segment with median, rough-
ened depression, apex sinuous. Hind tibia obliquely truncate; upper spur 
slender, lanceolate, slightly curved, subacute; lower spur fixed, slender, 
lanceolate, acute, two-thirds length of upper. 
Female: Antennal club much shorter than funicle. Penultimate ven-
tral segment with vague, transverse depression at apex extending obliquely 
to base on either side; last ventral segment convex, apex broadly emar-
ginate. 
This large species has been collected at .Ames, Central City, Dyersville, 
Manchester, Farmersburg, Arlington, Dubuque, Iowa City, Chariton, Oak-
land, New Hampton, Grinnell, Cerro Gordo County, and Van Buren County. 
The food plants are white oak, wild plum, hazel, poplar, willow, birch, and 
large-toothed aspen. 
Phyllophaga barda (Horn) 
(Plate V, fig. 17) 
1887 LachM8terna bt11rlla Horn, Am. Ent. Soc., Trans., 14: 248. 
1889 LachMSterna barlla Smith, U. S. Nat. Mus., Proc., 11: 507. 
1916 Phyllophaga barlla Glasglow, Ill. Nat. Hist., Bul. 11: 373. 
1916 Phyllophaga barlla Forbes, Ill. Agr. Expt. Sta., Bul. 186: 325. 
1927 Phyllophaga barlla Langston, Miss. Agr. Expt. Sta., Tech. Bul. 15: 47. 
1928 Phylwp'haga barlla Sim, N. J. Dept. Agr., Circ. 145: 31. 
Body oblong, moderately shiny, dark brown to piceous. Clypeus sub-
concave, rather broadly and deeply emarginate; punctures coarse, not deep-
ly impressed; suture sinuate. Frons convex; more coarsely punctate than 
clypeus. Antennae composed of ten segments. Pronotum irregularly con-
vex, widest at middle, sides angulate, irregular ; punctures variolate. Tooth 
of claw median, strong. Elytra rugulose, less coarsely, more densely punc-
tate than pronotum; sutural costae broad, strong, discal, and submarginal 
costae broad, feebly elevated. 
Length, 21-22 mm. ; width, 10-12 mm. 
Male: Antennal club slightly shorter than stem. Abdomen broadly 
flattened at middle; penultimate ventral segment with broad, strongly ar-
cuate carina, deeply excavated behind; last ventral segment concave, apex 
feebly emarginate. Hind tibia squarely truncate ; upper spur lanceolate, 
curved, obtuse; lower spur fixed, broad, linear, obtuse, two-thirds length 
of upper. 
Female: Antennal club shorter than funicle. Abdomen vaguely flat-
tened at middle; penultimate ventral segment deeply, broadly, and trans-
versely depressed; last ventral segment convex, apex rather broadly and 
deeply emarginate. 
Only two specimens have been taken in Iowa, both of which were se-
cured by Prof. IL E. Jaques at Mt. Pleasant. There have been no food 
plants recorded for this state. 
Phyllophaga marginalis (Le Conte) 
(Plate V, fig. 19) 
1856 L<JJohn.osterna marginalis Le Conte, Acad. Phil., Jour., (2), 3: 250. 
1887 Lachnosterna marginalis Horn, Am. Ent. Soc., Trans., 14: 250. 
1887 Lachn.osterna marginalia Horn, Ent. Am., 3: 144. 
1889 Lachioosterna margVn.alis Smith, U.S. Nat. Mus., Proc., 11: 508. 
1916 Phyllophaga marginalia Glasglow, Ill. Nat. Hist., Bul. 11: 272. 
1928 Phyllophaga marginalia Sim, N. J. Dept. Agr., Circ. 145: 39. 
1928 Phyllophaga marginalia Luginbill, Ann. Ent. Soc. Am., 21: 70. 
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Body oblong, shiny, rufocastaneous to piceous. Clypeus subconcave, 
rather abruptly and deeply cmarginate, narrowly reflexed; coarsely and 
deeply punctuate; suture sinuate. Frons convex; punctured similar to 
clypeus. Antennae composed of ten segments. Pronotum irregularly con-
vex, widest back of middle, sides angulate, crenate; punctures of thorax 
very sparse, especially on disc, coarse and deeply impressed. Tooth of 
claw median, long. Elytra rugulose, punctures moderately dense, fine, and 
deeply impressed; sutural costae strong, discal costae rather broad, distinct, 
submarginal costae strong. 
Length, 16-21 mm. ; width, 8-11 mm. 
Male : Antenna! club longer than stem. Abdomen broadly flattened 
at middle; penultimate ventral segment with short, strongly arcuate ridge; 
last ventral segment with median depression, apex entire. Rind tibia 
obliquely truncate ; upper spur long, slightly curved, acute; lower spur 
fixed, broad, acute, two-thirds length of upper. 
Female: Antenna! club shorter than funicle. Penultimate ventral 
segment transversely and laterally depressed; last ventral segment sub-
depressed, apex broadly, feebly emarginate. 
Specimens have been taken on bur oak, gooseberry, and hazel at Ramp-
ton, Leon, Marquette, and Iowa City. 
Phyllophaga spreta (Horn) 
(Plate VI, fig. 20) 
1887 La.chn<Mterna spreta. Horn, Am. Ent. Soc., Trans., 14: 250. 
1889 La.chnosteroo spreta. Smith, U. S. Nat. Mus., Proc., 11: 508. 
1916 Phyllopha.ga. spreta. Glasglow, Ill. Nat. Hist., Bul. 11: 373. 
Specimens of this species were not available so the following is a copy 
of Horn's original description. 
"Oblong, elytra slightly wider at middle, castaneous or fuscous, shin-
ing. Clypeus feebly emarginate, margin very narrowly reflexed, densely 
and moderately coarsely punctured, front rather more coarsely but less 
densely. Thorax narrower in front, sides posteriorly nearly parallel, in 
front oblique, the margin entire, with short distinct ciliae, disc moderately 
convex, the punctures small, sparsely but equally placed, a slight depression 
of the base on each side. Elytral punctures equal to those of the thorax, 
more closely placed, surface slightly rugulose on each side of the suture, 
the costae distinct but feebly elevated, the submarginal distinct posteriorly. 
Pygidium sparsely punctate, smoother near the apex. Metasternum densely 
punctate, the hair moderately long and close; sides of abdomen with sparse 
punctures bearing short hairs. Claws curved, the tooth moderate in size 
and median 3 . Last joint of maxillary palpi short, fusiform, not impressed. 
Length .66-.72 inch; 16.5-18 mm. 
"Male.-Antennal club nearly a third longer than the entire stem. Ab-
domen slightly flattened at middle, penultimate segment with a short, feeble 
elevated, transverse ridge a short distance in front of the posterior margin. 
Last segment very slightly concave. Inner spur of hind tibia two-thirds 
the length of the outer and broader. 
"Variations.-The two male specimens before me do not vary, except 
slightly in color and size. 
''In this species the clypeus is more feebly emarginate than usual in 
those with the punctures of its surface dense and the border narrowly re-
flexed. On the other hand the antenna! club of the male is unusually long, 
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exceeding that of any species of the fusca group. The facies and sculpture 
are very like a small f usca. '' 
A very rare species known only from the type specimens. (Iowa and 
Maryland, Horn, 1887). 
Phyllophaga fraterna Harris 
(Plate VI, fig. 21) 
1841 Phyll-Ophaga fr.aterrw, Harris, Rpt. Ins. Inj. Veg.: 29. 
1850 .Ancykm,ycha fraterrw, Blanchard, Cat. C-Oleop. Ent., 1: 133. 
1853 Phyllaphaga fraterria Melsheimer, Cat. Coleop. U. S.: 59. 
1855 .Ancykm,yoha oognata Burmeister, Handb. Ent., 4: 322. 
1856 Laohrwsterna oognata Le Conte, Acad. Phil., Jour., (2), 3: 248. 
1856 Lach1W8terna fraterna Le Conte, Acad. Phil., Jour., (2), 3: 249. 
1887 Laohnosterna fraterrw, Horn, Am. Ent. Soc., Trans., 14: 251. 
1887 Laohnosterna oognata Horn, Am. Ent. Soc., Trans., 14: 252. 
1887 Lac'hn<>sterna fraterna Horn, Ent. Am., 3: 144. 
1889 Laohnosterna fraterna Smith, U. S. Nat. Mus., Proc., 11: 508. 
1889 Laohnosterna 7il01/a rSmith, U. S. Nat. Mus., Proe., 11: 508. 
1889 Laohrwsterna nova Smith, Ent. Am., 5: 95. 
1889 Laohri,osterna nova Smith, U. S. Nat. Mus., Proc., 11: 509. 
1916 Laohnosterna fraterna Davis, Jour. Econ. Ent., 9: 274. 
1916 Phyllophaga fraterna Glasglow, Ill. Nat. Hist., Bul. 11: 371. 
1916 Phyllaphaga frate'r'n(J, Forbes, Ill. Agr. Expt. Sta., Bul. 186: 228. 
1927 Phyrtuphag,a [rraterna Langston, Miss. Agr. Expt. Sta., Tech. Bul. 15: 48. 
1928. Phyllaphaga fraterna Sim, N. J. Dept. Agr., Circ. 145: 36. 
Body elongate, sides nearly parallel, shiny, rufocastaneous to piceous. 
Clypeus fl.at, with abrupt, moderately deep emargination, rather broadly 
reflexed ; punctures moderately coarse, dense, deeply impressed; suture 
subangulate. Frons convex; punctures similar to those on clypeus, slightly 
coarser. Antennae composed of ten segments. Pronotum convex, widest 
at middle; sides subangulate, feebly crenate; punctures irregularly placed, 
sparser, coarser, and more feebly impressed than on pronotum. Tooth of 
claw median, strong. Elytra rugulose, more finely and closely punctate 
than pronotum ; sutural costae broad, strong, discal and submarginal costae 
indistinct. 
Length, 15-18 mm.; width, 7-8 mm. 
Male: Antenna! club subequal to funicle. Abdomen depressed at 
middle; penultimate ventral segment with roughened, feebly arcuate ridge; 
last ventral segment concave, apex feebly emarginate. Hind tibia obliquely 
truncate; upper spur long, lanceolate, obtuse; lower spur fixed, broad, 
curved, subacute, two-thirds length of upper. 
Female: Antennal club shorter than funicle. Penultimate ventral 
segment with transverse depression at apex; last ventral segment convex, 
apex with broad, shallow emargination. 
This species has been collected at Iowa City, Columbus Junction, Dyers-
ville, Keosauqua, Mt. Pleasant, and Jackson County. White oak and hazel 
are the host plants. 
Phyllophaga fosteri (Burmeister) 
(Plate VI, fig. 22) 
1855 .Anoylowyoha fosteri Burmeister, Handb. Ent., 4: 325. 
1856 Laoh=sterna semioribrata Le Conte, Acad. Phil., Jour., (2), 3: 247. 
1856 Laohnosterna l;u,g-ub'l'is Le Conte, Aead. Phil., Jour., (2), 3: 248. 
1856 LaohMSterna l-utesoens Le Conte, Acad. Phil., Jour., (2), 3: 249. 
1887 Laohrw.sterna semioribrata Horn, Am. Ent. Soc., Trans., 14: 252. 
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1887 Laohnosterna lutescens Horn, Ent . .Am., 3: 144. 
1887 LaohM'sterna poli.tula Horn, .Am. Ent. Soc., Trans., 14: 248. 
1887 Laohnosterna fosteri Horn, .Am. Ent. Soc., Trans., 14: 252. 
1889 Laohnosterna semiaribrata Smith, U. S. Nat. Mus., Proc., 11: 508. 
1889 Lachnasterna fosteri, Smith, U. S. Nat. Mus., Proc., 11: 508. 
1889 Lachnosterna Mva Smith, Ent. Am., 5: 95. 
1889 LachM<Sterna Mva Smith, U. S. Nat. Mus., Proc., 11: 509. 
1916 Phyllophaga. fosteri, Glasglow, Ill. Nat. Hist., Bul. 11: 372. 
1916 Phyllop'haga fosteri, Forbes, Ill . .A.gr. Expt. Sta., Bul. 186: 233. 
1927 Phyllopha.ga fosteri, Langston, Miss . .A.gr. Expt. Sta., Tech. Bui. 15: 50. 
1928 Phyllopha.ga. fasteri Luginbill, .Arm. Ent. Soc. Am., 21: 74. 
1928 Phyllophnga. fosteri Sim, N. J. Dept . .A.gr., Circ. 145: 39. 
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Body oblong, moderately shiny, rufocastaneous. Clypeus flat, deeply, 
almost abruptly emarginate, feebly, rather broadly reflexed; punctures 
moderately coarse, deeply impressed; suture subangulate. Frons subcon-
vex; punctures similar to those on clypeus, not so dense. Antennae com-
posed of nine segments. Pronotum convex, widest at middle, sides arcuate, 
crenate; punctures irregular, much coarser, not so dense or deeply impressed 
as on frons. Tooth of claw median, strong. Elytra with punctures finer, 
more closely placed, not so deeply impressed as on pronotum; sutural 
costae strong, discal costae broad, feebly elevated, submarginal costae nar-
row, strong. 
Length, 14-18 mm.; width, 8-10 mm. 
Male: Antennal club subequal to funicle. Abdomen broadly flattened 
at middle; penultimate ventral segment with moderately arcuate roughened 
ridge; last ventral segment with smooth cupuliform depression, apex feebly 
emarginate. Hind tibia squarely truncate; upper spur lanceolate, slightly 
curved, obtuse; lower spur fixed, broad, acute, two-thirds length of upper. 
Female: Antennal club shorter than funicle. Penultimate ventral 
segment with narrow, transverse depression at apex extending obliquely 
forward; last ventral segment strongly elevated at base, apex feebly, broad-
ly emarginate. 
Collected at Marquette, Iowa City, and Mt. Pleasant. The food plants 
have not been reported for Iowa. 
Phyllophaga corrosa (Le Conte) 
(Plate VI, fig. 23) 
1856 Lachnosterna oorrosa Le Conte, .A.cad. Phil., Jour., (2), 3: 249. 
1856 Lachrwsterna affinis Le Conte, .A.cad. Phil., Jour., (2), 3: 256. 
1887 Laohnosterna affinis Horn, .Am. Ent. Soc., Trans., 14: 233. 
1887 Laohrwsterna affmis Horn, Ent. Am., 3: 144. 
1887 LaChrwsterna oorr08a Horn, Ent . .Am., 3: 144. 
1889 Lachrwsterna affinis Smith, U. S. Nat. Mus., Proc., 11: 498. 
1916 Phyllophaga corrosa Glasglow, Ill. Nat. Hist., Bul. 11: 371. 
1916 Phyllophaga oorr<>8a Forbes, Ill . .A.gr. Expt. Sta., Bul. 186: 232. 
1925 Phyllophaga oorrosa Hayes, Kans . .A.gr. Expt. Sta., Tech. Bul. 16: 45. 
1928 Phyllophaga oorrosa Sim, N. J. Dept . .A.gr., Circ. 145: 24. 
Body oblong, moderately shiny, castaneous to piceous. Clypeus con-
cave, rather abruptly and deeply emarginate, narrowly reflexed; coarsely 
and closely punctate; suture sinuate. Frons subconvex; punctuation simi-
lar to that of clypeus. Antennae composed of ten segments. Pronotum 
irregularly convex, widest at middle, sides angulate, serrate; more coarsely, 
less closely punctate than frons. Mesosternum with sparse vestiture of 
moderately long, yellowish hair. Tooth of claw median, slender and long. 
Elytra rugulose, more closely, less coarsely punctate than pronotum; sutu-
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ral costae wide and strong, discal costae indistinct, submarginal costae in-
distinct in posthumeral region. 
Length, 17-20 mm.; width, 8-10 mm. 
Male: Antenna! club shorter than stem. Abdomen flattened medially; 
penultimate ventral segment with feebly arcuate, roughened ridge, slightly 
excavated behind; last ventral segment with smooth, median depression, 
with transverse ridge at base, apex feebly and broadly emarginate. Hind 
tibia vaguely excavated at base of lower spur; upper spur flattened, ellip-
tical, slightly curved, obtuse; lower spur f:L'(ed, subacuminate, curved, two-
thirds length of upper. 
Female: Antenna! club shorter than funicle. Penultimate ventral 
segment with oblique, lateral depression; last ventral segment with deep, 
subtriangular, median depression, apex excavated on each side of middle 
leaving broad, median tooth. 
A few individuals have been taken at Ames, Dyersville and Iowa City. 
Feeds on white oak and hawthorne. 
Phyllophaga rugos.a (Melsheimer) 
(Plate VII, fig. 24) 
1846 .Ancylonyoha rugosa Melsheimer, Acad. Phil., Proc., 3: 140. 
1853 Phyllophaga rugosa Melsheimer, Cat. Coleop. U. S.: 59. 
1855 .Ancylonycha rugosa Burmeister, Handb. Ent., 4, pt. 2: 328. 
1856 Lachno.sterna rugosa Le Conte, Aead. Phil., Jour., (2), 3: 252. 
1887 Lachnosterna rugosa Horn, Am. Ent. Soc., Trans. 14: 259. 
1887 Laohnosterno. rug.osa Horn, Ent. Am., 3: 143. 
1889 Lachnosterna rugosa Smith, U. S. Nat. Mus., Proc., 11: 513. 
1916 Lachnosterna rmgosa Davis, Jour. Econ. Ent., 9: 277. 
1916 Phyllophaga rugosa Glasglow, Ill. Nat. Hist., Bul. 11: 371. 
1916 Phyllaphaga rugosa Forbes, Ill. Agr. Expt. Sta., Bul. 186: 226. 
1928 Phyl"lophaga rugosa Sim, N. J. Dept. Agr., Circ. 145: 18. 
Body oblong, shiny, rufocastaneous to piceous. Clypeus flat, deeply, 
moderately broadly emarginate, punctures coarse, deeply impressed; suture 
angulate. Frons convex, more coarsely and deeply punctate than clypeus. 
Antennae composed of ten segments. Pronotum convex, widest at middle, 
sides angulate, vaguely crenate; irregularly and variolately punctate. 
Tooth of claw median, strong. Elytra rugulose, punctures similar to those 
on clypeus, not so dense; sutural costae broad, strong, discal and sub-
marginal costae broad, feebly elevated. 
Length, 18-23 mm.; width, 9-11 mm. 
Male: Antenna! club slightly longer than funicle. Abdomen broadly 
flattened at middle; penultimate ventral segment with strongly arcuate 
ridge, roughened at middle; last ventral segment concave, smooth, apex 
abruptly and deeply emarginate. Hind tibia obliquely truncate; upper 
spur lanceolate, obtuse; lower spur fixed, curved, acute, two-thirds length 
of upper. 
Female: Antenna! club shorter than funicle. Abdomen vaguely flat-
tened at middle; penultimate ventral segment with transverse depression; 
last ventral segment feebly concave, apex broadly, not deeply emarginate. 
Extremely abundant : Des Moines, Ames, Hampton, Leon, Amana, 
Marquette, Ruthven, Maquoketa, Guttenburg, Dubuque, Dyersville, Pleas-
ant Valley, McGregor, Algona, Sioux City, Davenport, Atlantic, Manchester, 
Marshalltown, Arlington, Iowa City, Mt. Pleasant, Muscatine, Sioux City, 
Clermont, Oakland, Keokuk, Grinnell, Marion County, Monona County, 
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Sioux County, Linn County, Wapello County, Mills County, Lyon County, 
Boone County, Page County, Pottawattamie County,. Davis County, Cedar 
County, Cherokee County, and Van Buren County. Collections have been 
made from buckeye, apple, linden, birch, walnut, silver poplar, privet, 
cherry, box elder, mock orange, Cornus, Caragana, bur oak, hickory, elm, 
willow, ash, butternut, quaking aspen, wild plum, hawthorne, red oak, white 
oak, hackberry, large-toothed aspen, hazel, cottonwood, and plum. 
PhyUophaga implicita (Horn) 
(Plate VII, fig. 25) 
1887 Lachnosterna impli.cita Rom, Am. Ent. Soc., Trans., 14: 262. 
1889 Lachn.oate1'1W implioita Smith, U. S. Nat. Mus., Proc., 11: 515. 
1897 Lachrwaterna min.or Linell, U. S. Nat. Mus., Proc., 18: 728. 
1916 Lachn.osterna implioita Davis, Jour. Econ. Ent., 9: 276. 
1916 Phyllophaga impli.cita Glasglow, Ill. Nat. Hist., Bul. 11: 373. 
1916 PhyUophaga impli.cita Forbes, Ill. Agr. Expt. Sta., Bul. 186: 221. 
1927 Phyllophaga implioita Langston, Miss. Agr. Expt. Sta., Tech. Bul. 15: 57. 
1928 Phylwphaga implioita Sim, N. J. Dept. Agr.1 Circ. 145: 42. 
Body ovate, moderately shiny, brown to piceous, head and pronotum 
darker. Clypeus flat, deeply and abruptly emarginate, moderately reflexed; 
punctures moderately coarse, not deeply impressed; suture sinuate. Frons 
convex; punctures denser, slightly coarser than on clypeus. Antennae com-
posed of ten segments. Pronotum convex, widest in front of middle, sides 
angulate, feebly crenate; punctures not so coarse, much sparser than on 
frons. Tooth of claw slightly intramedian. Elytra rugulose, punctures 
finer than on pronotum, not so deeply impressed ; sutural costae wide, strong, 
discal, and submarginal costae indistinct. 
Length, 14-18 mm.; width, 8-10 mm. 
Male : Antenna! club subequal to stem. Abdomen broadly flattened at 
middle; penultimate ventral segment with strongly arcuate, feebly elevated, 
roughened transverse ridge; last ventral segment convex, apex broadly, not 
deeply emarginate. Hind tibia obliquely truncate; upper spur lanceolate, 
subacute; lower spur fixed, arcuate, one-half length of upper. 
Female: Antenna! club subequal to funicle. Penultimate ventral seg-
ment with feeble transverse depression; last ventral segment flattened, apex 
rather broadly and deeply emarginate. 
Occurs almost everywhere : Ames, Des Moines, Keokuk, Central City, 
Hampton, Ruthven, 1!,ort Dodge, Marquette, Maquoketa, Columbus Junc-
tion, Algona, Pleasant Valley, Iowa City, Cylinder, Sioux City, Dubuque, 
Davenport, Atlantic, Farmersburg, Bryant, Red Oak, Sharpsburg, Rum-
bolt, Marshalltown, Grinnell, Clermont, Muscatine, Oakland, Creston, Boone, 
New Hampton, Morning Sun, Mt. Union, Keosauqua, Mt. Pleasant, Wapello 
County, Monroe County, Lee County, Boone County, Jefferson County, Des 
Moines County, Davis County, and Madison County. Collected from bur 
oak, hickory, elm, ash, butternut, red oak, white oak, hackberry, large-
toothed aspen, quaking aspen, willow, cherry, hazel, poplar, gooseberry 
Caragana, birch, and silver poplar. 
Phylloplwga balia (Say) 
(Plate VII, fig. 27) 
1825 M ewlontha balia Say, Acad. Phil., Jour., 5: 194, in Le Conte ed., 1889, p. 297. 
1826 PhyllO'[Jhaga balia Harris, Mass. Agr. Jour. and Rpts., 10: 1-12. 
1853 Phyllophaga balia Melsheimer, Cat. Coloop. U. S.: 59. 
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1855 Ancylo'ltyoha oomata Burmeister, Handb. Ent., 4, pt. 2: 337. 
1856 Laohno~erna balia Le Conte, Acad. Phil., Jour., (2), 3: 255. 
1887 Laohno~erna balia Horn, Am. Ent. Soc., Trans., 14: 262. 
1887 Laohrwstema oomata Horn, Ent. Am., 3: 143. 
1889 Laohnosterna balia Smith, U. S. Nat. Mus., Proc., 11: 516. 
1916 PhylU>phaga balia Forbes, Ill. Agr. Expt. Sta., Bui. 186: 235. 
1916 Phyllbphaga balia Glasglow, Ill. Nat. Hist., Bui. 11: 371. 
Body elongate, moderately shiny, dark brown to piceous, head and 
thorax darker. Clypeus flat, broadly, moderately deeply emarginate, nar-
rowly reflexed; punctures coarse, moderately closely placed, rather deeply 
impressed; suture sinuous. Frons subconvex; more coarsely and irregu-
larly punctate than clypeus, with sparse vestiture of long erect hair. An-
tennae normally composed of nine segments. Pronotum convex, widest at 
middle, sides subarcuate, vaguely indented ; punctures coarser, sparser and 
not so deeply impressed as on frons, more densely punctate at sides. Tooth 
of claw strong, median. Elytra rugulose, punctures indistinct; sutural 
costae strong, discal and submarginal costae indistinct. 
Length, 15-16 mm.; width, 8-9 mm. 
Male: Antenna! club equal to stem. Abdomen broadly flattened at 
middle; penultimate ventral segment with broad, obtusely arcuate, rough-
ened ridge, deeply excavated behind; last ventral segment with a smooth, 
cupulif orm, median depression, transversely elevated at base, apex entire. 
Hind tibia obliquly truncate; upper spur slender, lanceolate, subacute, low-
er spur fixed, lanceolate, subacute, one-half length of upper. 
Female: Antenna! club shorter than funicle. Penultimate ventral 
segment with moderately deep, transverse depression, apex of last ventral 
segment feebly excavated at sides leaving short, median, triangular tooth. 
This species has been collected at Marquette, Ames, Dyersville, Farmers-
burg, Dubuque, Iowa City, and Mt. Pleasant. Food plants include white 
oak, willow, hazel, box elder, and birch. 
PJvyllophaga vuifrons (Le Conte) 
(Plate VII, fig. 26) 
1856 Lachnosterna 1!ilifrons Le Conte, Acad. Phil., Jour., (2), 3: 255. 
1856 Laohnostema hWtioeps Le Conte, Aead. Phil., Jour., (2), 3: 255. 
1887 Laohnosterna hirtioeps Horn, Ent. Am., 3: 145. 
1887 Laohno.stema villifOTns Horn, Am. Ent. Soc., Trans., 14: 144. 
1889 Laoh'MSterna 1!illifrons Smith, U. S. Nat. Mus., Proc., 11: 516. 
1916 Phyllopha.ga 1!illifrons Glasglow, Ill. Nat. Hist., Bui. 11: 372. 
1916 Phyllophaga f!iUifwns Forbes, Ill. Agr. Expt. Sta., Bui. 186: 234. 
1928 Phyll.ophaga f!illVrons Luginbill, Ann. Ent. Soc. Am., 21: 89. 
Body elongate, shiny, rufocastaneous. Clypeus flat, abruptly, rather 
deeply emarginate, moderately reflexed ; punctures coarse, deeply impressed; 
suture angulate. Frons convex; punctures similar to those on clypeus, less 
densely placed. Antennae composed of nine segments. Pronotum convex, 
widest at middle, sides arcuate, crenate at base ; punctured similar to frons. 
Tooth of claw median, strong. Elytra more densely and more finely punc-
tate than pronotum; sutural costae strong, discal and submarginal costae 
indistinct. 
Length, 14-16 mm.; width, 7-9 mm. 
Male: Antenna! club equal to stem. Abdomen broadly flattened at 
middle; penultimate ventral segment with broad, feebly arcuate, roughened 
ridge; last ventral segment longitudinally depressed, apex feebly emarginate. 
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Hind tibia obliquely truncate; upper spur :flattened, lanceolate, acute; lower 
spur fixed, broad, slightly curved, obtuse, one-half length of upper. 
Female : Antenna! club shorter than funicle. Penultimate ventral 
segment vaguely and transversely depressed, with broad, roughened depres-
sion at sides; last ventral segment flat, apex feebly and broadly emarginate. 
This rare species has been taken at McGregor, Ames, Dubuque, and 
Iowa City on linden and birch. 
Phyllophaga nitida (Le Conte) 
(Plate VIII, fig. 30) 
1856 Lachnosterna nitida Le Conte, Acad. Phil., Jour., (2), 3: 256. 
1887 LaohMSterna nitWia Horn, Ent. Am., 3: 145. 
1887 Laohrwsterna limula Hom, Am. Ent. Soc., Trans., 14: 264. 
1889 Laohnosterna nitWia Smith, U. S. Nat. Mus., Proc., 11: 516. 
1889 LachMSterna innominata Smith, Ent. Am., 5: 98. 
1916 PhylTbphaga nitida Glasglow, Ill. Nat. Hist., Bul. 11: 372. 
1916 Phyllophaga nitida Forbes, Ill. Agr. Expt. Sta., Bul. 186: 233. 
1928 Phyllophaga nitida Sim, N. J. Dept. Agr., Circ. 145: 33. 
Body elongate, shiny, dark brown. Clypeus :fiat, abruptly, rather deep-
ly emarginate, punctures coarse, deeply impressed; suture feebly sinuate. 
Frons convex; punctures similar to those on clypeus, but coarser, Antennae 
composed ·of nine segments. Pronotum convex, widest at middle, sides 
arcuate, irregular; punctures similar to those on frons, sparser and not so 
deeply impressed. Tooth of claw median, strong. Elytra rugulose, punc-
tures much finer and denser than on pronotum ; sutural costae strong, discal 
and submarginal costae narrow, feebly elevated. 
Length, 20-21 mm.; width, 8-9 mm. 
Male: Antennal club shorter than stem. Abdomen moderately de-
pressed at middle; penultimate ventral segment with transverse ridge, 
strongly elevated at sides, divided at middle; last ventral segment with 
broad, median depression, apex feebly and broadly emarginate. Hind tibia 
obliquely truncate; upper spur lanceolate, curved, acute; lower spur fixed, 
broad, acute, two-thirds length of upper. 
Female: Antennal club shorter than funicle. Abdomen with vague, 
median depression; penultimate ventral segment feebly, transversely de-
pressed; last ventral segment slightly flattened, apex irregular, broadly and 
feebly emarginate. 
The locality records include Hampton, Ames, Farmersburg, Dyersville 
and Dubuque. Feeds on hazel, white oak, linden, privet, cornus, and birch. 
Phyllophaga hirticula (Knoch) 
(Plate VIII, fig. 29) 
1801 Me'loTnntha Mrtioula Knoch, Neue Beytr. Ins., 1: 79. 
1813 Mewlontha 1Wrsuta Say, Acad. Phil., Jour., 3: 243, in Le Conte ed., 2: 142 (not 
Knoch). 
1817 Melolontha hWtioula Schonherr, Syn. Ins., 1, (3): 173. 
1826 Phyllophaga hirlioula Harris, Mass. Agr. J.our. and Rpts., 10: 1-12. 
1850 AncyU>nycha crenulata Blanchard, Cat. Coll. Ent., 1: 133. 
1853 Phyllophaga hirticula Melsheimer, Cat. Coleop. U. S.: 59, 
1855 AnoyU>nycha hirticula Burmeister, Handb. Ent., 4: 327. 
1856 Laohrwsterna 71Wticula Le Conte, Acad. Phil., Jour., (12), 3: 254. 
1873 Lachnosterna crenulata Le Conte, Acad. Phil., Proc.: 330. 
1887 Lachnosterna hirlioula Horn, Am. Ent. Soc., Trans., 14: 266. 
1887 Laoh'll08ter'!l4 hirltcula Horn, Ent. Am., 3: 143. 
338 BERNARD V. TRAVIS 
1889 Laohnosterna hirtioula Smith, U. S. Nat. Mus., Proc., 11: 516. 
1916 Lachnosterna 'htrticula Davis, Jour. Econ. Ent., 9: 275-276. 
1916 Phyllnphaga hirticula Glasglow, Ill. Nat. Hist., Bui. 11: 371. 
1916 Phyll<>phaga hirticula Forbes, Ill. Agr. Expt. Sta., Bui. 186: 219. 
1927 Phyllophaga hirtioula Langston, Miss. Agr. Expt. Sta., Tech. Bul. 15: 58. 
1928 Phyllophaga hirticula Luginbill, Ann. Ent. Soc . .Am., 21: 57. 
Body oblong, moderately shiny, dark brown, with sparse vestiture of 
both long and short hairs. Clypeus flat, deeply, and abruptly emarginate, 
moderately reflexed; punctures coarse, rather deeply impressed; suture sin-
uate. Frons convex; punctures similar to those on clypeus. Antennae com-
posed of ten segments. Pronotum irregularly convex, widest at middle, 
sides arcuate, coarsely serrate; punctures variolate, moderately dense. Tooth 
of claw median, strong. Elytra strongly rugulose, punctures finer than on 
frons; long, erect hairs in rows along costae; sutural costae broad, strong, 
discal and submarginal costae feebly elevated, rather broad. 
Length, 16-19 mm.; width, 8-11 mm. 
Male: Antennal club longer than funicle. Abdomen broadly flattened 
at middle; penultimate ventral segment with broad, arcuate, roughened, 
feebly elevated ridge; last ventral segment with broad, rather deep, median 
depression, apex with broad, moderately deep, emargination. Hind tibia 
obliquely truncate ; upper spur long, curved, lanceolate, subacute; lower 
spur broad, curved, lanceolate, acute, one-half length of upper. 
Female: Antenna! club shorter than funicle. Penultimate ventral 
segment with vague, transverse depression ; last ventral segment flattened, 
with semi-circular depression at apex, apex broadly and shallowly emargi-
nate. 
Very abundant, taken at Ames, Leon, Hampton, Maquoketa, Gutten-
burg, Dubuque, Marquette, Dyersville, Onawa, Missouri Valley, Davenport, 
Mt. Pleasant, Clermont, Chariton, Muscatine, Washington County, Marion 
County, Monroe County, Des Moines County, Van Buren County, and 
Wapello County. Elm, bur oak, hickory, willow, ash, butternut, shingle 
oak, hawthorne, red oak, white oak, gooseberry, hazel, and quaking aspen 
are the host plants. · 
PhyUophaga i"licis (Knoch) 
(Plate VIII, fig. 28) 
1801 Melolontha iliois Knoch, Neue Beytr. Ins., 1: 71. 
1830 Mewlontha poroina Hentz, Am. Soc. Phil., Trans., (2), 3: 253. 
1850 Anoylonyoha ilicis Blanchard, Cat. Coll. Ent., 1: 133. 
1853 Phyllophaga iliois Melsheimer, Cat. Coleop. U. S. : 59. 
1855 Anoylonyoha iliois Burmeister, Handb. Ent., 4, pt. 2: 326 (not Knoch). 
1855 Anoylonycha fimbriata Burmeister, Handb. Ent., 4: 326. 
1856 Laohnosterna iliois Le Conte, Acad. Phil., Jour., (2), 3: 253. 
1856 Laohnosterna oiliata Le Conte, Acad. Phil., Jour., (2), 3: 253. 
1856 Ladhoosterna subt<msa Le Conte, Acad. Phil., Jour., (2), 3: 254. 
1887 Lachnosterna iliois Horn, Am. Ent. Soc., Trans., 14: 268. 
1887 Lachnosterna iliois Horn, Ent. Am., 3: 144. 
1887 Laohnosterna oiliata Horn, .Am. Ent. Soc., Trans., 14: 269. 
1887 Laohnosterna oiliata Horn, Ent . .Am., 3: 144. 
1887 Lachnosterna subtonsa Horn, Ent. Am., 3: 144. 
1887 Laohnosterna fimbriata Horn, Ent . .Am., 3: 143. 
1889 La,ohnosterna iliois Smith, U. S. Nat. Mus., Proc., 11: 517. 
1912 Laohnosterna iliois var. Burmeisteri Junk, Coleop. Cat., pt. 49: 193. 
1916 Laohnosterna iliois Davis, Jour. Econ. Ent., 9: 276. 
1916 Phyllophaga iliois Glasglow, Ill. Nat. Hist., Bui. 11: 371. 
1916 Phyll<>phaga iliois Forbes, Ill. Agr. Expt. Sta., Bul. 186: 230. 
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1927 Phyllop'haga ilicis Langston, Miss. Agr. Expt. Sta., Tech. Bul. 15: 61. 
1928 Phyllophaga ilicis Luginbill, Ann. Ent. Soc. Am., 21: 62. 
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Body oblong, subopaque, castaneous, with vestiture of moderately long, 
recumbent hair. Clypeus flat, abruptly and deeply emarginate, moderately 
reflexed; densely, coarsely, and deeply punctate; suture subangulate. Frons 
subconvex; punctures coarser, not so dense as on clypeus. Antennae com-
posed of ten segments. Pronotum convex, widest at middle, sides subangu-
late, crenate; punctures coarser, not so closely placed, more deeply im-
pressed than on frons. Tooth of claw median, long. Elytra finely rugulose, 
punctures much finer than on pronotum ; sutural, discal, and submarginal 
costae wide, feebly elevated. 
Length, 19-23 mm. ; width, 10-12 mm. 
Male: Antennal club slightly longer than funicle. Abdomen with 
moderately wide depression at middle; penultimate ventral segment with 
arcuate ridge feebly elevated at middle; last ventral segment concave, apex 
broadly and feebly emarginate. Hind tibia obliquely truncate; upper spur 
long, lanceolate, curved, obtuse; lower spur fixed, slightly curved, subacute, 
one-half length of upper. 
Female: Antennal club shorter than funicle. Penultimate ventral seg-
ment with deep, transverse depression; last ventral segment convex, apex 
rather deeply and abruptly emarginate. 
Marquette, Leon, Hampton, Maquoketa, Guttenberg, Dubuque, Dyers-
ville, Arlington, Ames, Mt. Pleasant, Marengo, Clayton County, Buchanan 
County, Delaware County, Jones County, Woodbury County, Van Buren 
County, Lee County, Iowa County, Scott County, Jefferson County, Jack-
son County, and Appanoose County. Taken on hickory, ash, butternut, 
shingle oak, hawthorne, red oak, white oak, large-toothed aspen, hazel, 
Cornus, and linden. 
Phylwphaga c1·enul.ata (Froelich) 
(Plate IX, fig. 31) 
1792 MeloWn.tha orenuT.ata. Froelich, Natur. Stueck, 26: 94. 
1817 Melolontha gwrgicana Gyllenhall, Syn. Ins., 1: '77. 
1826 Phyllophaga goorgiOOllUL Harris, Mass. Agr. Jour. and Rpts., 10: 1-12. 
1850 Ancy"funycha crenuT.ata Blanchard, Cat. Coll. Ent., 1: 133. 
1853 Phyllophaga georgioa.na Melsheimer, Cat. Coleop. U. S.: 59. 
1855 Ancylonyoha crenuT.ata Burmeister, Handb. Ent., 4: 327. 
1856 Lachoosttff'n(J, crenulata Le Conte, Acad. Phil., Jour., (2), 3: 258. 
1887 Lachnosterna orenulata Horn, Am. Ent. Soc., Trans., 14: 272. 
1887 Lachnosterna crenulata Horn, Ent. Am., 3: 143. 
1889 Lachnosterna crenuT.ata Smith, U. S. Nat. Mus., Proc., 11: 518. 
1916 Laohnosterna crenulata Davis, Jour. Econ. Ent., 9: 273-274. 
1916 Phyllophaga crenulata Glasglow, Ill. Nat. Hist., Bul. 11: 370. 
1916 PhylLophaga orenuT.ata Forbes, Ill. Agr. Expt. Sta., Bui. 186: 231. 
1925 Phyllophaga orenulata Hayes, Kans. Agr. Expt. Sta., Tech. Bui. 16: 58-63. 
1927 Phyllophaga crenulata Langston, Miss. Agr. Expt. Sta., Tech. Bui. 15: 63. 
1928 Phyllophaga cre?'l!Ulata Luginbill, Ann. Ent. Soc. Am., 21: 60. 
Body oblong, moderately shiny, light brown to piceous, with conspicu-
ous vestiture of moderately long, erect hairs. Clypeus subconcave, not 
broadly, rather abruptly, moderately deeply emarginate, broadly reflexed; 
punctures coarse, deeply impressed, finer at base; suture angulate. Frons 
convex; punctures similar to those on clypeus. Antennae composed of ten 
segments. Pronotum irregularly convex widest in front of middle, sides 
angulate, coarsely serrate; punctures similar to those on frons, less dense 
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and not so deeply impressed. Mesosternum with sparse vestiture of long, 
yellowish hair. Tooth of claw median, long, moderately strong. Elytra 
with moderately fine, feebly impressed punctures, slightly denser than on 
pronotum; sutural costae broad; feebly elevated, discal and submarginal 
costae narrow, indistinct. 
Length, 17-20 mm. ; width, 9-11 mm. 
Male: Antennal club equal to funicle. Abdomen convex; penultimate 
ventral segment vaguely concave, roughened at middle; last ventral segment 
smooth, almost glabrous, with median, transverse elevation, apex entire. 
Hind tibia obliquely truncate; upper spur long, slender, flattened, subacute; 
lower spur movable, slightly cunred, slender, acute. 
Female: Antenna! club slightly shorter than funicle. Penultimate 
ventral segment slightly depressed laterally; last ventral segment pubescent, 
convex, apex entire. 
This species has been taken at Ames, Clermont, Pleasant Valley, Co-
lumbus Junction, Hampton, r~eon, McGregor, Iowa City, Mt. Union, Keo· 
kuk, Oakland, Muscatine, Mt. Pleasant, Linn County, Delaware County, 
Lee County, Appanoose County, and Hamilton County. Bur oak and goose· 
berry are the host plants. 
PhyUophaga quer:cus (Knoch) 
(Plate IX, fig. 32) 
1801 Mewlmtha querous Knoch, Neue Beytr. Ins., 1: 72. 
1802 Mewlmtha fer'llida Illiger, Oliv. Ent., 2: 44. 
1817 M elomtha fen;ida Schonherr, Syn. Ins., 1, pt. 3: 171. 
1855 .Ancylmycha quercms Burmeister, Handb. Ent., 4, pt. 2: 340. 
1856 Endrosa quercms Le Conte, Acad. Phil., Jour., (2), 3: 235. 
1887 Lachnosterna quercms Horn, Am. Ent. Soc., Trans., 14: 281. 
1887 Lachnosterna quercms Horn, Ent. Am., 3: 138. 
1889 Lachnosterna queraus Smith, U. S. Nat. Mus., Proc., 11: 520. 
1916 Phyllophaga quercms Glasglow, Ill. Nat. Hist., Bul. 11: 371. 
1927 Phyl"/hp'haga querous Langston, Miss. Agr. Expt. Sta., Tech. Bul. 15: 66. 
1928 Phyllophaga queraus Luginbill, Ann. Ent. Soc. Am., 21: 85. 
Body elongate, pruinose, rufocastaneous. Clypeus concave, abruptly 
and deeply emarginate, moderately reflexed; punctures coarse, not deeply 
impressed; suture angulate. Frons convex; more coarsely, less closely 
punctate, than clypeus. Antennae composed of nine segments. Pronotum 
convex, widest at middle, sides arcuate, entire; punctures similar to those 
on frons, not so dense. Tooth of claw median, strong. Elytra punctures 
similar to those on pronotum, denser; sutural costae strong, narrow, discal, 
and submarginal costae narrow, indistinct. 
Length, 14-16 mm.; width, 7-Smm. 
Male: Antennal club equal to stem. Abdomen feebly flattened at 
middle ; penultimate ventral segment vaguely depressed at middle, with 
broad, roughened area; last ventral segment rough, feebly, transversely im-
pressed, apex vaguely and broadly emarginate. Hind tibia obliquely trun-
cate; upper spur long, linear, slightly curved, obtuse; lower spur movable, 
slender, curved, obtuse, three-fourths length of upper. 
Female : Antennal club shorter than funicle. Penultimate ventral 
segment transversely and feebly impressed, long, yellowish hairs at sides; 
last ventral segment small, slightly flattened, apex entire. 
This species has been listed by Prof. H. E. Jaques as occurring in Iowa. 
PHYLLOPHAGA OF IOWA 
Phyll<>phaga tristis (Fabricius) 
(Plate IX, fig. 33) 
1781 Mewl<mtha tristis Fabricius, Species Ins., 1: 39. 
1801 Melolontha pilosicollis Knoch, Neue Beytr. Ins., 1: 85. 
1817 Melol.cntha pil.csicollis Schonherr, Syn. Ins., 1, pt. 3: 177. 
1817 Mel.cl<mtha tristis Schonherr, Syn. Ins., 1, pt. 3: 195. 
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1823 Mewlcmtha pilosfoollis Say, Acad. Phil., Jour., 3: 243, in Le Conte ed. 2, 1869, p. 
143. 
1826 Phyllnp'haga tristis Harris, Mass. Agr., Jour. and Rpts., 10: 1-12. 
1847 Trichesthes piwsioollis Erickson.} Natur. Ins. Deutsch!., 3: 658. 
1850 Trichesfe.s pil.-Osfoollis Blanchara, Cat. Coll. Ent., 1: 141. 
1855 Trichestes pil.c8icollis Burmeister, Handb. Ent., 4, pt. 2: 358. 
1856 Lachnosterna tristis Le Conte, Acad. Phil., Jour., (2), 3: 261. 
1856 Lach11iOSterna ~ta Le Conte, Acad. Phil., Jour., (2), 3: 261, (not Burmeister). 
1873 Lachnosterna tristis Le Conte, Acad. Phil., Proc.: 330. 
1887 Laoh'TWtSterna crinita Horn, Ent. Am., 3: 145. 
1887 Lachnosterna tristis Horn, Am. Ent. Soc., Trans., 14: 286. 
1887 Ladhnosterna tristis Horn, Ent. Am., 3: 143. 
1889 Laohnosterna tristis Smith, U. S. Nat. Mus., Proc., 11: 522. 
1913 Lachnosterna tristis Davis, Jour. Econ. Ent., 6: 277. 
1916 Lachnosterna tristis Davis, Jour. Econ. Ent., 9: 277. 
1916 Phyll>ophag.a tristis Glasglow, Ill. Nat. Hist., Bul. 11: 370. 
1916 Phyllophaga tristis Forbes, Ill. Agr. Expt. Sta., Bul. 186: 229. 
1925 Phyllophaga tristi8 Hayes, Kans. Agr. Expt. Sta., Tech. Bul. 16: 66-72. 
1927 Phyllophaga tristis Langston, Miss. Agr. Expt. Sta., Tech. Bul. 15: 72. 
1928 Phyllophaga tristis Luginbill, Ann. Ent. Soc. Am., 21: 61. 
Body oblong, moderately shiny, testaceous, with sparse vestiture of 
long, yellowish hair. Clypeus concave, entire; punctures sparse, coarse, 
rather feebly impressed ; suture sinuous. Frons convex; with coarse, close, 
deeply impressed punctures. Antennae composed of ten segments. Pro-
notum convex, sides angulate, entire; punctures not so coarse or so closely 
placed as on frons. Tooth of claw different in male and female. Elytra 
more closely and finely punctate than pronotum; sutural costae broad, 
feebly elevated, discal and submarginal costae indistinct. 
Length, 12-14 mm.; width, 6-8 mm. 
Male: Antenna! club subequal to stem. Abdomen vaguely flattened; 
penultimate ventral segment with short transverse ridge; last ventral seg-
ment elevated at base, apex entire. Hind tibia obliquely truncate; upper 
spur lanceolate, slightly curved, obtuse; lower spur movable, linear, obtuse, 
four-fifths length of upper. Tooth of claw intramedian. 
Female : Antenna! club equal to funicle. Penultimate ventral seg-
ment with feeble transverse depression ; last ventral segment convex, apex 
entire. Tooth of claw more nearly median. 
This species has been collected at Ames, Leon, Hampton, Farmersburg, 
Dyersville, Dubuque, Mt. Pleasant, Chariton, Muscatine, Iowa City, Alla-
makee County, Scott County, Appanoose County, Des Moines County, and 
Van Buren County. Bur oak, elm, willow, and white oak are the known 
host plants for Iowa. 
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EXPLANATION OF PLATES 
The illustrations of the male and female organs are original, except 
number 20, which is a copy of the male genitalia, as drawn by Smith ( 1889). 
The sketches were all drawn to the same scale. .Arrangements of the draw-
ings for each species of the genus Phyllophaga are as follows: upper left, 
hind view of the male claspers; lower left, left male clasper; lower right, 
right male clasper; and the upper right ventral view of female genitalia. 
Since the penis sheath is not of great specific value, only the distal end of 
the sheath is figured. The page listed with the figure refers to the descrip-
tion of the species in the text. · 
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Fig. 1. P . . ~oo,Zata (Say) .. : ............................................ _ .......................................... p. 317 
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Ash, grain of, in composted straw, 413 
A.S.T.M. distillation curves and Reid vapor 
pressure, 237 
Babesia citelli n. sp. from Citell1u1 tri-
decemlineatus, 527 
description of, 529 
Bacteria, lipolytic, aiction of, on trigly-
cerides and fats, 187 
Balsaminaceae, 275 
Benzol, effect of, on activity of insect, 521 
Berberidaceae, 268 
Berberis Tlw!nbergii, 310 
Betula ptmdula, 309 
Betulaceae, 263 
Bidun,s bipimmata, 310 
Bignoniaceae, 284 
Birds, trichomonads from, 537 
Bobwhite quail (C.olinus 11irginiawus), win-
ter survival of, 127 
Bobwhite winter survival in an area heavily 
populated with grey foxes, 127 
Boraginaceae, 281 
Borago officitnali..s, 310 
Botanical survey of Lee County, Iowa, 251 
Bourletiella arvalis, 466 
B. hortensis, 466 
B. spitnata, 467 
Brahma and Leghorn fowl, growth and sex-
ual maturity in, 367 
Bryoplvyll'Wm calyoim!Um, use as host to de-
termine relationship between crown-
gall and hairyroot, 143 
Butter, bacteriological deterioration of, 
organisms eausing, 213 
microflora of churns causing deteriora-
tion of, 217 
rancidity of, 199 
Butyl-acetonic fermentation in sugar 
media, 415 
Calcium supplements in pigs rations, 222 
Campanulaceae, 286 
Capparidaceae, 269 
Caprifoliaceae, 285 
Carbon dioxide, concentration of, in soil 
air under crops and in fallow soils, 1 
percentage of, in air of fallow soil, 7 
percentage of, in soil air under corn and 
other crops, 8, 9, 10, 12 
production of, in soil, 1 
Carbon, ·organic, loss of, in composted 
straw, 413 
Caryophyllaeeae, 267 
Correlation between the organisms found 
microscopically and the bacteriological 
deterioration of butter, 213 
Cast iron, white, 207 
Catalog and host-index of the species of 
the coccidian genus Eimeria, 83 
Cellulose acetate rayon, alkaline hydrolysis 
of, 397 
effect of alkali on weight and acetyl 
content .of, 398, 399 
Cellulose contents, loss of, in composted 
straw, 411, 412 
Cellulose, diacetate, acetyl values for, 401 
monoacetate, acetyl values for, 401 
Centaurea diffiu;a, 310 
Centaurea repens, 310 
Chenopodiaceae, 266 
Chordelies minO'r, triehomonad from, 537 
Ch<nispora tenella, 310 
Churns, microflora of, and importance in 
deterioration of butter, 217 
Chromosome, R-g., of maize, 295 
Cistaceae, 277 
Citell1u; franklini, Anosoma hixsoni n. sp. 
fr.om, 527 
Citellus tridecemlineatus, Babesis citem n. 
sp. from, 527 
development of Trypanosoma iowensis in 
blood of, 533 
Trypanosoma iowensi..s from, 527 
Cleaning of furs, dry and mechanical, 
results of tests for, . 
abrasion, loss in weight from, 431, 436 
breaking strength, 431, 435 
color reflection, 432, 434 
diameter of hair, 434, 435 
elasticity, 431, 436 
ether-soluble content, 431 
gloss, 431, 433, 434 
length of hair, 431, 435 
number of hairs to sq. in., 434 
shrinkage, 435 
Clostridia, nitrogen-fixing metabolism of 
231 ' ' 
Clo.stridiwm acetobutylicum, use of, to pro-
duce solvents from glucose, 416 
Coccidian genus Eimeria, catalog and host-
index of, 84, 93 
Colinus 1lirginianus (bobwhite quail), win-
ter mortality of, 127 
Colloids in Iowa soils, properties of 203 
Color reflection of dyed furs, 432 ' 
Commelinaceae, 261 
Comparative analysis of three hundred 
fabri<lB, 17 
Comparative calcium and phosphorus re-
tention of pigs fed rations supplement-
ed with limestone, bone meal and 
" ~capho ", 221 
Compos1tae, 286 
Composts, decomposition of, 410 
treated, analyses of samples of, 410, 
411, 412 
Concentration .of carbon dioxide in the 
soil air under various crops and in 
fallow soils, 1 
Contraction of isolated heart and Mal-
pighian tube of Periplaneta orientalis, 
rate of, 391 
method to determine, 391 
Convolvulaceae, 280 
Copper, influence of, on graphitization be· 
havior of white cast iron, 207 
Cornaceae, 278 
Corn, papoon, literature on, 385 
Susquehannah, literature on, 385 
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sweet, first reference to, in literature, 
386 
sweet, genetic studies of, 388, 389 
sweet, origin, 387, 388 
sweet, origin and importance as an 
Indian food plant in the United 
States, 385 
varieties of, in Mexico, 386 
Crepis capillaris, 311 
Cruciferae, 269 
Decomposition of straw in the production 
of artificial manure, 409 
Delphimiwn ooltorwm, 310 
Development of Trypanosoma iowensis in 
the blood of the striped ground squir-
rel, Citellu.s tridecemlineatu.s, 533 
Deviation, standard, computation of, 80 
Diacetate cellulose, acetyl values for, 400, 
401 
Dicyrtoma hageni, 4 72 
Dicyrtomitna opalina, 471 
Digestibility of milk in vivo as affected by 
certain physical treatments, 211 
Dry-cleaning, effect of, upon furs, 427 
loss of pigment in furs from, 434 
Ducks, game, food of five, 107 
Effect of dry-cleaning and mechanical 
cleaning upon furs, 427 
Eimeria, catalog and host-index of species 
of, 84, 93 
size of oocysts of species, 84 
Entomotog1·aph, instrument for recording 
appendicular or locomotor activity of 
insects, description of, 519 
Erewnetes pu8ill1.ts, species of Trichomonos 
from, 537 
Erysimwm par'IJ'i,flo'l"lvm, 310 
Ethyl alcohol gasoline systems, properties 
of, 245 
Ethyl alcohol, influence of anhydrous, upon 
water abso1·ption, 175 
Ether-soluble content of fur pelts, 431 
Euphorbim Peplus, 310 
Euphorbraceae, 274 
Fabric, cellulose acetate rayon, alkaline 
hydrolysis of, 397 
Fabrics, classification of, 17, 18, 19, 20 
Fabrics, method of analysis of, 21 
Fabrics, comparative analysis of, 17, 21 
Fagaceae, 264 
Fagopyrum esculentum, 309 
Falcaria 'IYlilgaris, 310 
Fats, action of lipolytic bacteria on, 187 
Fermentation, butyl-acetonic, in sugar 
media, 415: 
oxidation-reduction potentials in, and 
solvents production in, 421 
Fermentations, analyses of, 416-425 
Flagellate, protozoan, from woodchuck, 513 
Flora, immigrant, of Iowa, 309 
Food of game ducks, 107 
summary of vegetable and animal, 124 
Food plant, Indian, corn as, 385 
Fowl, mature, weight of, 379 
correlation between sexual maturity and, 
383 
sexual maturity of, average age of, 382 
Fowls, early maturity of, dependent upon 
two pairs of genes, 374 
Fr-equencies, unequal, method of computa-
tion of chi-square and standard devia-
tion for, 79, 80 
Fumariaceae, 269 
Furfural and some of its derivatives, 235 
Furfuraldehyde-yielding constituents of 
composted straw, loss of, 412, 413 
Furfural, production of, from concentrated 
solutions of xylose, 191 
Furs, dry-cleaning and mechanical clean-
ing of, results of tests for: 
abrasion, loss in weight from, 431, 436 
breaking strength, 431, 435 
color reflection, 432, 434 
diameter of hair, 434, 435 
elasticity, 431, 435 
ether-soluble content, 431 
gloss, 431, 433 
length of hair, 431, 435 
number of hairs to sq. in., 434 
shrinkage, . 431, 437 
Genes for maturity in fowl, 378 
Genes, linkage data on, found on R-g, 
chrosomo, 296 
Geraniaceac, 273 
Geraniwm pusillum, 310 · 
Gentianaceae, 279 
Gramineae, 254 
Graphitization behavior of white cast 
iron, influence of copper on, 207 
Ground squirrel, striped, development of 
1'rypanosoma iowensis in blood of, 533 
Growth and sexual maturity in Brahma 
and Leghorn fowl, 367 
Growth in fowl, relation of, to sexual 
maturity, 375 
Hair of furs, deterioration of, during 
process of cleaning, 431 
Hairyroot pathogens 
control of, by grafting practices, 155 
host range, of, 134, 135, 136 
occurrence of, 132 
Hairyroot, prevalence of, relation to 
woolly aphid injury, 134 
Hartmanni.a speciosa., 311 
Heart, isolated, rates of contraction of 
insect (Periplaneta), 391 
H emerocallis fulva, 309 
Herbaceous plants of Lee County, Iowa, 
290 
Hexarnita intestinalis, 515 
H. marmotae n. sp., a protozoan flagellate 
H. wuris, differential characters, 515 
H. pil-lchra, comparative studies with H. 
marmota.e, 515 
Hiera.cium viroswm, 311 
Homogeneity, chi-square test for, 75 
548 INDEX 
outline for hypothesis of, in experi-
ment, 76 
Host-index for Eimeria, 83, 93 
Hybrids, reciprocal, in fowl, sexual ma-
turity of, 38~ 
Hydrogen sulfide, liquid, reactions of in-
organic compounds with, 197 
Hydrolysis, alkaline, of cellulose acetate 
rayon, 397 
Hydrophyllaceae, 281 
Hypericaceae, 276 
Indian food plant, corn as, in United 
States, 385 
Influence of anhydrous ethyl alcohol 
concentration upon water absorption, 
175 
Influence of copper on the graphitization 
behavior of white cast iron, 207 
Inheritance of time of sexual maturity, 
367 
Inorganic compounds, reactions of, with 
liquid hydrogen sulfide, 197 
Iowa, Lee County, botanical survey of, 
251 
Lee County, groups of soils, 251 
Iowa, notes on immigrant flora of, 309 
Iowa, Phyllophaga of, 313 
Iowa soils, properties of soil solutions 
and colloids in, 203 
Iridaceac, 262 
Irregular sporagenesis and polyembryony 
in some Leguminosae, 303 
.Juglandaceae, 263 
.J uncaceae, 261 
Labiatae, 281 
Leaves, plasmodesms in, 451 
Leghorn fowl, growth and sexual matur-
ity in Brahma and, 367 
Leguminosae, 271 
L eguminosae, irregular sporogenesis and 
polyembryony in some, 303 
Life expectancy of physical property, 205 
Lignin, decomposition of, in composted 
straw, 412, 413 
Liliaceae, 261 
Linkage data on the R-g, chromsome of 
maize, 295 
Lipolytic bacteria, action of, on simple 
triglycerides and some natural fats, 
187 
Lipolyfic organisms, relationships of, to 
rancidity of butter, 199 
Liquid hydrogen sulfide, 197 
Locomotor activity of insects, instrument 
for recording, 519 
Lythraceae, 277 
Madia glomerrata, 310 
Maize, linkage date on R-g, chromosome 
of, 295 
varieties of, in Mexico, 386 
Malpighian tube of insect (Periplaneta), 
rates of contraction of isolated heart 
and, 391 
Malvaceae, 276 
Manufacture of artificial zeolites and the 
control of zeolite water softeners, 
183 
Manure, artificial, decomposition of straw 
in production of, 409 
original organic matter, analyses of, 
412 
Marmota monax, H e:r;amita marmotae, n. 
sp. from, 513 
Martyniaceae, 284 
Maturity in fowl, genes for, 378 
Mechanical cleaning, effect of, on furs, 
427 
M e di a, differential, for Pseudomonas 
rhizogenes and Ps. tivmefaciens, 152 
Media, sugar, butyl-acetonic fermentation 
in, 415 
Menispermaceae, 268 
Metabolism of some nitrogen-fixing .Clos-
tridia, 231 
Microflora of churns and its importance 
in the deterioration of butter, 217 
Milk in vivo, digestibility of, as affected 
by physical treatments, 211 
Monoacetate cellulose, acetyl values, 401 
Mother cells, multiple, in some Legum-
inosae, 304, 306 
Najadaceae, 254 
Night-hawk (Chordelies minor), species of 
Trichomonas from, 537, 539 
Nitrogen-fixing Clostridia, 231 
Notes on the immigrant flora of Iowa, I., 
309 
Nyctaginaceae, 267 
Nymphaeaceae, 267 
N yroca ajfinis (lesser scaup duck), food 
habits of, 121 
N . americana (red head), food habits 
of, 107 
N. collaris (ring-necked duck), food 
habits of, 110 
N. marila (greater scaup duck), food 
habits of, 117 
N . valisineria (canvas-back), food habits 
of, 114 
Observations on H ex111mita marmotae n. sp., 
a protozoan flagellate from the wood· 
chuck (Marmota monax Linn.), 513 
Oleaceae, 279 
Onagraceae, 277 
On the chi-square test for homogeneity, 75 
On the rates of contraction of the isolated 
heart and Malpighian tube of the in-
sect, Periplaneta orientalis: method, 
391 
Orchidaceae, 262 
Organisms, correlation of, with deteriora-
tion of butter, 213 
INDEX 549 
Organolead compounds, 229 
Organometallic compounds of Group II, 
225 
Orobanchaceae, 284 
Oxalidaceae, 273 
Oxalis cro'nioulata, 310 
Papaveraceae, 269 
Periplaneta ameriCOJna, appendicular ac-
tivity of, 519, 520, 521 
entomotograms of, 524 
P. orientali.s, rates of contraction of 
isolated heart and Malpighian tube of, 
391, 394 
method to determine, 392, 394 
Phalaris canariensis, 309 
Phosphorus retention in pigs rations, 221 
Phrymaceae, 285 
Phyllophaga, distribution of, 313 
Phyllophaga of Iowa, 313 
P. anxia, 328 
P. balia, 335 
P. barrda, 330 
P. bipartita, 324 
P. congrua, 321 
P. corrosa, 333 
P. orassissima, 322 
P. crewulata, 339 
P. dralcii, 329 
P . ephilida, 318 
P. fosteri, 332 
P. fervida, 327 
P. fraterna, 332 
P. fusoa, 326 
P. futuJ,is, 320 
P. graoilis, 319 
P. hirtioula, 337 
P. hornii, 327 
P. ilicis, 338 
P. implicita, 335 
P. inversa, 323 
P. klnceolata, 317 
P. longitarsa, 319 
P. marginalis, 330 
P. miOOJns, 325 
P. nitida, 337 
P. prunina, 322 
P. quermbS, 340 
P. rugosa, 334 
P. spreta, 331 
P . tristi.s, 341 
P . vehemens, 325 
P. 'l!ilifrons, 336 
Physical-chemical properties of alcohol-
gasoline blends. 
III. The A.S. T.M. distillation curves 
and Reid vapor pressure, 237 
II. The influence of anhydJ'IOUS ethyl 
alcohol concentration upon water ab-
sorption, 175 
Physical-chemical properties of ethyl al-
cohol systems. 
IV. Influence of alcohol concentration 
upon specific volume, fluidity, air-to-
fuel ratio, calorific value, latent heat, 
and fall in temperature on evapora-
tion, 245 
Physical property, life expectancy of, 205 
Phytolaccaceae, 267 
Pinaceae, 253 
Pisobia melanotos (pectoral sandpiper), 
species of Trichomonas from, 537 
P. miwu,tiUa (least sandpiper), species 
of Trichomonas from, 537 
Plantaginaceae, 285 
Plantanaceae, 270 
Plant indicators in Lee County, I owa, 292 
Plasmodesms, functioning of, 449 
Plasmodesms in epidermal tissue, method 
of study, 450 
in leaves, 451 
in the leaves and stems of some Angio-
sperms, 449 
in stems, 452 
two types of, 455 
Polemoniaceae, 280 
Pollen, types of, in Melilotus alba, 304 
Polyembryony in Leguminosae, 304 
P .olygalaceae, 274 
Polygonaceae, 265 
Polygorvum dlumetorwm, 309 
Polypodiaceae, 253 
Portulacaceae, 267 
Primulaceae, 279 
Production of furfural from concentrated 
solutions of xylose, 191 
Protozoan flagellate from woodchuck, 513 
Psmbllomonas rhizogenes, age and virulence 
of, 155 
Ps. rhizogenes R.B.W.K., and S.; its 
host relations and characteristics, 131 
Ps. rhizogenes and Ps. twmefamens, dif-
ferences between, 158 
Ps. i·hizogenes and Ps. tumefaciens, dif-
ferential media for, 152 
Ps. rhizogenes, association of, with hairy-
root of nursery stock, 135 
host range of, 140 
influence of environmental and host con-
ditions on infection by, 137 
on hardwood cuttings, 144 
response of, to morphological and physi-
ological tests, 148 
Psetbdomonas tumefaciens and Ps. rhizo-
genes, differential host of, 142 
difference between, 158 
Ptenothrix marmorata, 475 
P. olympia, 473 
P. 1irvicolor, 472 
P. texensis, 474 
P. vittata., 475 
Radiou,la amphibia, 310 
Rancidity of butter, relationships of a 
lipolytic organism to, 199 
Ranunculaceae, 267 
Rayon, cellulose acetate, alkaline hydrol-
ysis of, 397 
Rayon, effect of alkali on weight and acetyl 
content of cellulose acetate, 398, 399 
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Reactions of inorganic compounds with 
liquid hydrogen sulfide, 197 
Redescription of North American Smin-
thuridae, 461 
Reid vapor pressure, 237 
Relationships of a lipolytic organism to 
rancidity of butter, 199 
Report .on the food of five of our most 
important game ducks, 107 
Reseda lutea, 310 
Rhamnaceae, 275 
Rosaceae, 270 
Rubiaceae, 285 
Rutaceae, 273 
Salicaeeae, 262 
Sandpiper, trichomonad from, 537 
Santalaceae, 265 
Sapindaeeae, 275 
Saxifragaceae, 270 
Scrophulariaceae, 283 
Sexual maturity, and growth in fowl, 367, 
369, 375 
in mammals, 367 
Simarubaceae, 274 
Sminthuridae, Redescriptions of North 
American, 461 
Sminthiurrimlu.s <JAlffeit.s, 463 
S . elegQ!n8, 464 
S. fitchi, 470 
S. floridanit.s, 469 
S. min1ntm, 462 
S . paclcardi, 470 
S. purpurescrms, 469 
S. quadrima<YUlatus, 462 
S. remotus, 461 
Soil air, concentration of carbon dioxide 
in, 1 
~ube for sampling, 4, 5 
So~l, fall~w, percentage of air in, 7 
Soll solut10ns, properties of in Iowa soils 
003 ' ' 
Soils in Iowa, soil solutions in 203 
colloids in, 203 ' 
Solanaceae, 283 
Solvents from glucose, with nitrngen 
sources, 418 
Solvents, production of, in glucose-peptone 
medium, 424 
Some properties of the soil solutions and 
the colloids in certain Iowa soils 203 
Sonchu.s uligino.sus, 311 ' 
Sarglii~m halepense, 309 
Sporogenesis, irregular, in Leguminosae 
303 ' 
Squirrel, striped ground, development of 
Trypanosoma iowensis m blood of 533 
Staphyleaceae, 275 ' 
Statistics on brahma and leghorn fowl and 
F, and F, hybrids, 371 
Stems, plasmodesms in 4{)2 
older regions, 453 
primary meristem, 452 
Straw, decomposition of, in production of 
artificial manure, 409 
Susquehannah or papoon corn, early lit-
erature on, 385 
Sweet clover, polyembry<my in, 304 
Sweet corn, first reference t-0, in literature, 
386 
genetic studies of, as mutant, 389 
origin, 387, 388 
Textiles, analysis of, fabric, fiber, yarn, 24 
Three new trichomonads from birds, 573 
Thymelaeaceae, 277 
Tiliaceae, 276 
Trees and shrubs of Lee County, Iowa, 291 
Trichomonads, three new, from birds, 537 
Trichomonas ( Tritrichomonas) chordeilis 
n. sp. in intestines of night-hawk, de-
scription of, 539 
T. iowensis n. sp. in intestin.e of night-
hawk, description of, 540 
T. pisobiae n. sp. in intestines of sand-
pipers, descriI_>tion of, 538 . . 
Trichomonas, species of, comparative sizes 
of, in sandpipers, 537 
Triglyce1·ides, action of lipolytic bacteria 
on, 187 
Trophozoites of Hexamita marmotae n. sp., 
conelation of, 514 
Trypa.nosoma hixsoni n. sp. description of, 
529 
from Citellu.s franlclini, 527 
T. iowensis, development .of in blood ,of 
striped ground squirrel, 533 
T. iowensis, pathogenicity of, 528 . 
T. iowensis, in blood of ground squirrel, 
resemblance of, to T. lewisi in rat, 534 
T. lewisi, comparison with T. iowensis, 
527 
T. lewisi, in blood -0f rat, life cycle of, 
533 
T. iowen.sis intermediate host for, 528 
T. iowensis' n. sp. and Babesia citelli n. 
sp. from Citellus tridecemlineatu.s, an~ 
Trypanosoma hixsoni, n. sp. from Ci-
tellus franlclini, 527 
Trypanosomes, first appearance after in-
jection, 534 
relationship between, 528 
measurements of, 534 
Typhaceae, 254 
Umbelliferae, 277 . 
Urocyon cinercoargenteus~ (grey fo;-es), m 
vicinity popula.ted with bobwhite, 127 
Urticaceae, 264 
Variance in age at first egg among prog-
eny of males of fowl, analysis of, 373 
Verbenaceae, 281 
Violaceae, 277 
Vitaceae, 276 
Water absorption, influence of anhydrous 
ethyl alcohol concentration upon, 175 
Water softeners, zeolite, control of, 183 
INDEX 551 
White cast iron, graphitization behavior 
of, influence of copper on, 207 
Winter survival of bobwhite, 127 
Xylose, production of furfural from, 191 
Zea saccharata, (sweet corn), 388 
Zein, preparation of, 417 
Zeolites, artificial, manufacture of, 183 
Zeolite water softeners, control of, 183 
